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(54) 

(57) This invention relates to a process for produc- 
ing a sugar nucleotide, in which a) a culture broth of a 
microorganism capable of producing NIP from a nucle- 
otide precursor, or a treated product of the culture broth, 
and b) a culture broth of a microorganism capable of 
producing a sugar nucleotide from a sugar and NTP. or 
a treated product of the culture broth, are used as 
enzyme sources; a process for producing a complex 
cartDOhydrate. in which the above^iescrtbed a) and b) 
and c) a culture broth of a microorganism, an animal cell 
or an insect cell capable of producing a complex carbo- 
hydrate from a sugar nucleotide and a complex carbo- 
hydrate precursor, or a treated product of the culture 
broth, are used as enzyme sources; a process for pro- 
ducing a complex carbohydrate, in which a culture broth 
of a microorganism, an animal cell or an insect cell 
capable of producing a complex carbohydrate from a 
sugar nucleotide and a complex carbohydrate precur- 
sor, or a treated product of the culture broth, is as an 
enzyme source; and a process for producing N- 
acetylglucosamine-1 -phosphate, in which a culture 
broth of a microorganism having strong galactokinase 
activity, or a treated product of the culture broth, is used 
as the enzyme source. 
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BAQ<SB^MiDARI 

Cart^hydr. Chem.Biocnem. 2^307 ^^97Z)BM ^^^^ 1834(1990), J. Orff. 

Cart^^ydr. Res.. 69 (1993)); 2) produc^-on P ^^^^^^^g ^'^^^^^^ p^sh^ Unexamined National Publicaton 
Crtem., a 152 (1992), J. Am. Chem. Soc. fipj.^^'^^Jrf"'^^^^^ vVO 96/27670); 3) processes us.ng microbial 
NO 508413/95. Japanese Published National No 2073/70. Japanese Published 

cells such as yeast and the like (Japanese Published ^^'f^j^^^^^ Application No. 1837/72. Japanese 

E Smined Patent Application No 40756/71 . apan^e Pub she, e a^m^ .^^^^.^^p,,,,, Application No. 8278/74. 
Published Examined Paten, ^J'f '°: and 4) an extraction process trom microbial cells 

Japanese Published Unexamined Pa entApp»n ^^^ Application No. 23993/96). 

of halo-tolerant yeast (Japanese Published ^""^ ^^^^^^ morpholidate derivative o1 nucleotide-5'-mono- 
Ho^ever. the process 1) requires expensive ^^^'^^^j!.^^^^^^^ process 2) requires expensive materials (for 

phosphate (referred to as "NMP" ^'^';'"^«!2;rSDTher^^^^^ nucJeotide-S'-trirhosphate (referred to as "NTP 
example. nucl30tide-5'-diphosphate(referr^to as NDPj^ere^^^^^^^ ^^^^^ 3, 

hereinafter), phosphoenolpyruvate. etc. . ^"J;,^"""^^,^^,^^^ ^ of the above-mentioned processes use expen- 
requires drying treatment of -;^f "j'^^l^^,,"^^^ 'a diff c" ty in effecting large scale production from the ope^- 
sive nucleotides, sugar phosphates ^'^J^^J^^^J^J^ J ^,^3 1 ^^gar nucleotides has not so far been established, 
tionalpoirt of view, so that an industrial scale productonp o^^^^^ processes 

Examples of the known process for producing complex o^^^^'^^^l = c^rbohydr. Res.. 211. c1 (1991)), 

(Method in EnzymoL 24L 193 (1994). Ange- ^'^'.^''"'^l"^^^^^^^ BioteJnot.. 6. 256 (1988)) and 3) 

, 2) processes in which a hydrolase is used (^"^^.^ Patent Application No. 79792/95. 

pJLssesinwhichaglycosyltrans^erasejsj^se^^^^^^^ ^^^.^^ p^,^„, ^p,i,ation No. 

Japanese Published National P"''''^^^"" 503905/97, U.S. Patent 5.583.042). 

82200/93. WO 94/25614. Japanese Published '^^*'°."f,™^f° synthesis in the process 1). The yield and 

The introduction of protecting groups L^^!^^"*;! '"^^^J^^^^^^^^^^^^ NTP, phosphoenolpyruvic add. 

5 selectivity are not sufficient in the process 2). E'^^"^'^^^'!^!'^ J^^^^ p^yr,vate kinase, etc.) are necessary in the 
sugar phLphate. sugar nucleotide, etc.) ^^^1^"°;'^;^^^^^^ industrial production processes of 

pr^ess 3) . Therefore, these proce^es have " J^J^^^"^^^.™ „ ^^^^^ for the direct industrial production 

rSeTcSSr^ejSron^^^^^^^ 

-Thasbr::^™^^ 

^^:^^^Sd aT«;: mrria^ts unexamined Patent A^.ication 

No. 276974/93). 

n.cri nQi m p OF THE INVENT ION. 

:rr™«=sr«— ^^^^^^^^ 
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treated product of the culture broth, b) broth of a r^icroorganism, an animal cell or 

a sugar and NTP, or a treated ^'^^^'^^'^^^'''^^X^ a sugar nucleotide and a conplax carbohydrate pre^ 
an insect cell capable of producing a ^ortplex cartohydrate irom a s g nucleotide precursor, the sugar and 

::rsor. or a treated product of the -''^ ^^^^^^^^^ and accumulate the cor.p,ex carbo- 

,he complex carbohydrate precursor to be present ,n^ ^^^^ ^^^^^3 ^ process for 

hydrate in the aqueous medium; and ^^^^"'P'^ enzyme sources, a) a culture broth of a microorganism 

producing a sugar nudeotide. which <;°7"^^^^^^^;^^^^^ me culture broth, and b) a culture broth 

capable of producing NTP from a nucleotide P'^^^°^.-°l.^XSTaluQar and NTP. or a treated product of the culture 
ofa microorganism capable of producing a ^^^^.^^'^^^^;J''^^^ZSrXo be present in an aqueous medium to 
broth; allowing the enzyme sources, the nucleotide P^^-^^^^^^ 2^ recSer°ng the sugar nucleotide from the aque- 
form and accumulate the sugar nucleotide in the ^^'^^"^"^f v^ich <^mSes: selecting, as an enzyme source, 
ous medium, and a process for Produ^ng a complex -*f^^;^^'^;2le o'pro^^^^ a complex carbohydrate from 
a cutture Woth of a microorganism, an culture broth; allowing the enzyme 

a sugar nucleotide arxl a complex «=^*°^^f^^f P^^^a"^^^^^^ producing a sugar nucleotide and the com- 

source, the sugar nucleotide obtained ''V'':^^^^ accumulate the complex cart>ohydrate in 

plex carbohydrate precursor to be present in an "^^^"^^^^^^ ^^us medium. It also provides a process 

L aqueous medium; and recovering '^^^ ^^f^^^^^^^^^^^^ enzyme source, a culture broth of a 

,or producing N-acetylglucosam.ne.1i.hosphate^ which con^^^^ ^^^^^^^ ^,,^^,^3 ,„,y^e 

microorganism having ^^^'^^ .^^f^^'^ZS^^ aaueormeSm to form and accumulate N-acetylgluccsamme- 

PPIPF pFQr.RiPTION OF THF ORAWlNgS 

srsJ^roruSs:ssr/er^^^^^^^ 

'"'^I^T.Z. construc^on steps of g.mU. ppa gene expre^ior, ^a^id PNTU. 
Ro 6 shows construction steps of pgm gene expression placid pNT24. 
F g 7 sSs construction steps of gImM gene expressior, Plasmd pNT44. 
F g. 8 Shows construction steps of glk gene expression P'^-";; pNT46. 
Fio 9 shows construction steps of pfkB gene expression plasmid pNT4r 
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Table 


Glc 


glucose 


G-6-P 


glucose-6-phosphate 


G-1-P 


glucose- 1 -phosphate 


Glc-1,6-P2 


glucose-1 .Snjiphosphate 




Gal 


galactose 


Gat-1-P 


galactose- 1 -phosphate 




GlcN-6-P 


glucosamine-e-phosphate 
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Table 1- (1) (continued) 



GlcN-1-P 


glucosamine- 1 -phosphate 


GlcUA 


glucuronic acid 


GlcN 


glucosamine 


GIcNAc 


N-acetylglucosamine 


GlcNAc-1-P 


N-acetylgIucosamine-1 -phosphate 


F-6-P 


fructose-6-phosphate 


F-1.6-P2 


fruc1ose-1 ,6-diphosphate 


Man 


mannose 


Man-6-P 


mannose-6-phosphate 


Man-1rP 


mannose- 1 -phosphate 


GDP-4-keto-6-deoxyMan 


guanosine-5'-diphospho-4-keto-6-deoxymannose 


ManNAc 


N-acetylmannosamine 


NeuAc 


N-acetylneuraminic add 


acetyl CoA 


acetyl coenzyme A 


NTP 


nucleotide-5'-triphosphate 


NDP 


nucleotide- i3 -uipnospnaie 


NMP 


nucleotide-5'-monophosphate 


ATP 


ad enosine-5'-tri phosphate 


UTP 


uridine-5' -triphosphate 


GTP 


guanosine-5'-tri phosphate 


CTP 


cytidine-5'-triphosphate 


GMP 


guanosine-5'-monophosphate 
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Table 1-(2) 



UDP-Glc 


uridine-5'-diphosphogiucose — 


UDP-Gai 


uridine-5'-diphosphogalactose 


UDP-GlcNAc 


uridine-5'-diphospho-N-acetyiglucosamine 


UDP-GalNAc 


uridine-5'-diphospho-N-acetylgalactosamine 


UDP-GlcUA 


uridine-S'-diphosphoglucuronic acid 


GDP -Man 


guanosine-5'-diphosphonrannose 


GDP-Fuc 


guanosine-S'-diphosphofucose 


CMP-NeuAc 


cytidine-S'-monophospho-N-acetylneuraminic acid 


galU 


gtucose-1 -phosphate uridyltransferase 


ppa 


(inorganic) pyrophosphatase 


galK 


galactokinase - 


galT 


galactose- 1 -phosphate uridyltransferase 


glmU 


• N-acety1glucosamine-1 -phosphate uridyltransferase glucosamine-1 -phosphate acetyltraristerase 


pgm 


phosphogtucomutase 
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TalDle 1 -(2) (continued) 



pfkB 



glmM 



glk 



manB 
manC 



IS 
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gmd 



wcaG 



neuA 



neuB 



nanA 



pyrG 



IgtB 



I igtc 



phosphofructokinase 



phosphoglucosamine mirtase 



glucokinase 



phosphomannomutase 



mannose-1 -phosphate guanyltransierase 



GDP-mannose-4.6-dehydratase 



GDP-4-keto-6-<leoxymannose epimerase/reductase 



CMP-N-acetylneuraminic acid synthetase 



N-acetylneuranninic acid synthase 



N-acetylneuranninic acid aldolase 



cytidine-5'-triphosphate synthetase 



p1 ,4-galactosyltrans1erase 



a1 .4-galactosyltransferase 



UDP-glucose dehydrogenase 
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^J'^^Z^^^.'Zt:^::^!^"' «o NTP. ^ 3, a ... «..n =n„.e. . 

having a general structure ,n which the P'l^^^^ can be exemplrfied, and those compounds in 

pounds or the like. 

The present invention will be described in detail below. 

„ w« raga. » .a ^,o»,.«s„ ^. ^ "-J p,=a« — ^»2^-/;;=JrLTre: "^at^S 

the like. ^ ^ . ^ ^ ^an^Wp nf oroducinq a sugar nucleotide from a sugar and 

2) - (i) With regard to the production ot UDP-GIc, it is preferred to use a microorganism having strong enzyme 
activities of (1) to (4) shown in the following formula 1 . Corynebacterium can be 

« addition, a »an*rmanl in wKci. al Last one »' o^ »= ti.nslormanl 

srrrarrKr«'i.T.erBS,Sn?.i^Sn,s:,p.T,.'.n,enoo«^^^^ 

ppa genes derived 1rom Escherichia coll. and the like. 
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Gl-ucose 



fl) (2) 



Pyrophosphor 



ic acid ^ 2 X Phosphoric 



acid 



(Formula 1) 



(1) : HexoWnase (EC 2.7.1.1) or glucoWnase (EC 2.7.1.2) 

(2) : Phosphogiucomutase (EC 2.7.5.1) 

(3) : Glucose- 1 -phosphate uridyitransf erase (EC 2.7.7.9) 

(4) - (Inorganic) pyrophosphatase (EC 3.6.1.1) 

(1) to (4) Shown in the above-mentioned tormula 1 . co^h«.r,rh,;, and the aenus Corynbacterium can be 
^ ' SpecHically. microorganisms belonging to the ^''^^'^^T. 'Tba^^u^ ^Lniagenes. 
exemp'rtied. Specrfic examples inc.u<ie £sc«^ ^eSle adSs selected ffom (5) and (6), or at 
,n addition, a transforaant .n which at least one of the ^J"^^^ J selected 
least one of the enzyme act.v.t,es also be used. SpecKic examples of the 

from (1) to (4), are increased by '^^'^''^^f^ ^^^J elSinantTNA (pNT25) which contains galT and galK 
.ansformanunclude^^^^^^ ATCC 21170 having recombinant 



Galactose 



(5) (6) 

Gal-l-P -* UDP-Gal 



(Fcinttula 2) 



(5) :Galactol<inase(EC2.7.1.6) ,r-noT7i9i 

(6) : Galactose-1 -phosphate uridyltransferase (EC 2.7.7.12) 

,,,, V.th regard to the prc^uction of U0P-3;cNAc, '^J^Plf-^rfnVa^-^ 
eniyme activrties of (7) to (12) shown in the ^^^^^ ^"^^^^^^^^^ (i% shLn in formula 3, 

shown in formula 1, or a microorganism having strong ^^^^'^T.^^Z^^L g^nos Corynbacterium can be 
specifically, microorganisms belonging to the ^^-;;^J'f '^^^^^^ ZLr.iager.es. 

exempl«ied, SpecHic ---P'^/'-'^f ^^fj^^^e he enzyTa^^^^^^^ Iro^ W. (^). (^)' 

In addition, a transformant in which at least one of the ^"^y'^!^"'^^ T'o^.-rfj^ examples of the transform- 

and (13) are increased by recon^inant .".^J^^^V^^^^^^ gene derived 

ant Include Escherichia coli NM522 having recombinant P^"^^' ^, ,^^14) which contains gImU and 

^om Bscher^hia coi>. EschericNaco^ ^^^S^^^^^^^^^^^ °NA (pNT46) which 

- 

"'^tp^^^^Crstf ^htS:^ include Escherichia coii NM522 having recombinant DNA 
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^...)..c. contains p,..eneae.ve..o.™ 

SnA (PNT47) which contains p.kB ^^'^^^ZlTjr^^^^^^^^^^^ ^Z-t^ia coli. and the like. 

binant DNA (pNT55) which contains pgm ^ (s) is increased by provid- 

. p,„cL ;t r«CS?»S° oS-SI 0, » P'""- p' p"»"- 

ma procKS, Thai & CSloNAc-1 -p cm b« P™"" . „ic,oorg«nism«M* conlarns c.eOT- 

cartjon, an ion exchange resin, and the like are used. 



so 



(7) (8) 
Glucosamine GlcN-6-P GlcN-l-P 

GlcNAc-l-P - UDP-GlcNAc 
(13) 

GlcNAc GlcNAc-l-P -> UDP-GlcNAc 



F_6-P — F-l,6-P2 



(12) 

G_6_p _> G-l-P 



(12) 



G-1 



-P + F-l,6-P2 — G-1,6-P2 



(Formula 3) 



(7) : Hexokinase (EC 2.7.1.1) or glucokinase (EC 2.7.1.2) 

(8) - Phosphoglucosamine mutase 

(9VGIucosamlne-1-phosphaleacetyltransferase ,^^,775,1 
00) N Acetylglucosarriine-1 -phosphate uridyltransferase (EC 2.7.7.23) 

(1 1) : Phosphoiructokinase (EC 2.7.1 .1 1) 

(12) : Phosphoglucomutase (EC 2.7.5.1) 

(13) : Galactokinase (EC 2.7.1.6) 

are increased by recombinant DNA techniques can also be used. 
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(14) 

UDP-GlcMAc <^ UDP-GalNAc 



(Fonraila 4) 



(14): UDP-GlcNAc 4-epimerase (EC 5.1.3.7) 



^m-j.uu'i -^i^/i^fw ■ -1 

. . ,nD n\M lA it is Dreferred to use a microorganism having strong 
Specifically, microorganisms belonging to ^l^^'^^f'^"^"^^^^^^^^^ 
(15) are increased by recombinant DNA techniques can also be used. 



(15) 

UDP-Glc -* UDP-GlcUA 



(Fonnula 5) 



(15): UDP-Glc dehydrogenase (EC1. 1.1.22) 



V'W- ' 

o. (16) (18) shown m « "'""■?';'"^„\*SSatnS*^^ Co-y-McK*™ »n be 

=rs=rr.=3i ^^^^^ 

gene derived from Escherichia '^l'-^";! ''J^^ expression and increment of the phosphomannornutase 
Although it is necessary to add Qlc-1 .5-P2 for tne express p p_g.p ^n,,. 

actiZ d (17) by recombinant DNA techniques, it ,s possible to P«>;de Q c 1 ,6 ^ 

"^X, Glc-1 6-P2 by using a transformant in « 'fj J^^^^^^^^^,^^^^^^^ coli NM522 hav- 

^.brS SSrn^::;=r.^^^^^^^^ a. Pf. genes derived from 

EscrtencWa CO//, and the like. i,„,^=.nnr>miitase activity of (17) is increased by providing 

The process in which expression of the Phosphomannomulase a^m^^^^ ^ 
Glc-1 ,6-P2 from G-6-P and F-6-P using the enzyme activities of (1 1) and (1Z) P . 



first time by the present invention. 
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Marmose 



(16^ (1*7) 

Man-6-P - Man-l-P - C3DP-Man 



(Fonnula 6) 



25 



(16) : Hexokinase (EC 2.7.1.1) or glucokinase (EC 2.7.1.2) 

(17) : phosphomannomutase (EC 2.7.5.7) 

(18) : Mannose-1 -phosphate guanyltransferase (EC 2.7.7.13) 

^ «! rnP Fur it is oreterred to use a microorganism having strong enzyme 

(12) shown in formula 3. c^^^^rinhi^ pnrt the aenus Corynebacterium can be 

m addition, a tanslormam in «*«* al eel me oc („^ies „i itansfoim- 
and (20) »e increased b, ,.»n«nar. DNA ""-"X™ Sn^IcS^ menB and manC genee 
a™ incline E»W*«a «>« Ni«522 ha.™ 'T"^^^* <S*Inl DNA (pNK8) «K* conl«na 9n« 

recombinant DNA techniques. p^rherichia coli NM522 having recombinant DNA 

Specific examples of such a ^3"^*°^'^^"' 5 ..Ti^rh^c^^^ 
(PNT24) which contains pgm gene derived ^'^I'^^'ssc^^^^^^^^ '-"9 recom- 

DNA (PNT47) which cc^t^ns pfkB f^^Z^^^^e^^'^^^^ uL ShericNa col, and the like, 
binant DNA (pNT55) which contains pgm and pfkB genes aerivea no 



„q, (20) 
OTP-Man -> GDP-4-keto-6-deoxyMan -> C33P-Fuc 



(Formula 7) 



(19) - GDP-Man-A.e-dehydratase (EC 4.2.1.47) 

(20) : GDP-4-keto^-deoxymannose epimerase/'reductase 

2^ (viii) W,th regard to the production of CMP-NeuAc. it is preferred to use a r^icroorganism having strong 

2) - (viii) Wrtn rega o 10 I h following formula 8. 

enzyme activities of (21), (22) or (23). [^^} ^° ^"j^ Fc^rhPrichia and the genus Corynebacfenum can be 

„e5?:r^i^;=-?s^^^^^^ 
a.;^r.r^rr.ri"i^r=^^^ 

foraant include EsO^erichia coli ^^00 having recombinant DNA ^^JL ) wh c^ 
(rnm F-irherichia coli {Appl. Environ Microbiol.. 51. 562 (1986)). '^^'^"^"''''""J^,.. 
?NA S^^i^lich cinSns neuA gene derived from EscnencWa co,, and the like. 
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(21) 

GlcNAc ManKAc 

(25) 
OTP CTP 



(22) 

or (23) (24) 

_^ NeuAc -> CMP-NeuAc 



(Formula 8) 
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(21) 
(22) 
(23) 
(24) 
(25) 



GlcNAc 2-epimerase (EC 5.1.3.8) 
NeuAc aldolase (EC 4.1 .3.3) 
NeuAc synthetase (EC 4.1 .3.19) 
CMP-NeuAc synthetase (EC 2.7.7.43) 
CTP synthetase (EC 6.3.4.2) 



40 



the microorganism. „ = , itp nrecursor such as orotic acid or the like and glucose using a micix.- 

It Is possible to produce UDP-Glc from a UTP P'^<;":^°;^="J'^^ g^d the properties of microorganisms 

organism which has both of the properties of '^'=^»°;f "^.^^''^^^ ,i4 and galactose using a microorganism 
described in 2)-(i); UDP-Gal from a UTP P-°;;;f4^f3Xt I 'SS^^^^^^ of microorganisms described in 

which has both of the properties of '"'0^°°^9^™;"!J^^^^'; 'f^^^^^^ ^ f^e like and glucosamine or N-acetylglucosamine 
2V(ii)- UDP-GlcNAc from a UTP precursor such «^ ""'"^ °' '^-.^^ described in 1) and the properties of micro- 
us a microorganism which has lx.th of the P^^^^^p^™^^^^^^^^ acid or the like and glucosamine or 

organisms described in 2).^: UDP-GalNAc ^ ^^'^^ '"^erties of microorganisms described in 1) and 

N acetylglucosamine using a microorgan^m ^^^^ =^ .^^Jj,'^^, Jj';;^^"^, uTP precursor such as orotic acid or the like 
the prierties of microorganisms ^^^^^f described in t) and the prop^ 
and glucose using a microorganism which t^^^^f J^J^^^^PJ^^P'qtP precursor such as GMP or the like and mannose 
erties of microorganisms described ^VM' S™nisms described in 1) and the properties of micro- 

using a microorganism which has both of P^^^^^l^"^ GMP or the like and mannose using a micro- 

aaiK qenes derived from Escherichia cob. ^ ^ activities required for produc- 

is™ ,„ La ,m prop.*, d.»iby 'V> ""SS. J eSSiS" "ca»bi. 01 w.~i»9 e««^'«f 

0 276974/93) is exemplified. oroDerties described in 2) is not necessarily a single microor- 

,5 using a microorganism which has the P^^^^^'f f °' orotic acid or the like and galactose using 
ing the properties described in 2)-(i); m D and at least one microorganism having 
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descrfbed in 1) and at least one ^icroorganisn. f^^Cism Sha^^^^^^^^^ ot microorgan- 

D^ursor such as orotic acid or the like and glucose using \^'''°°'^^'^.^J'^^-^„ 21-(v)- GDP-Man from a GTP 
i^sXc^ed in 1) and at least one -microorganism having the P;°P«^;^^^^^^^^ desaibed in 1) and 

pTecuSr such as GMP or the like and mannose ^ --^^^^^^ ^m a GT^precursor such as GMP or 

ss:rrn=rgr^=^ 

leasTone microorganism having the properties f ^.^^^^^ production of sugar nucleotides, 
^aescrib^ in the foregoing, r^^^^^^^ 

r^rcLsr^tSfc^Xucre^ 



Table 2 
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Genes 


Rpfprences 


galU gene 


J. Biochem., rinses (1994) 


ppa gene 


J. Bacfer/o/., m 5901 (1988) 


galK gene 


Nucleic Acids Res,, IS, 1841 (1985) 


galT gene 


Nucleic Acids Res., 14. 7705 (1986) 


glnnU gene 


J. eacfer/o/.. 175,6150 (1993) 


pgm gene 


J. Bacterioi.. m 5847 (1994) 


pfkB gene 


Gene. 2^ 337 (1984) 


glnnM gene 


J. B/o/. C/iem.. 221 32 (1996) 


gikgene 


J. Bacter/o/.. 11^1298 (1997) 


manB gene 


J. Bacfer/o/.. m 4885 (1996) 


manC gene 


J. BacterioL, m 4885 (1996) 


gmd gene 


J. BacterioL, im 4885 (1996) 


wcaG gene 


J. BacterioL, m 4885 (1996) 


neuA gene 


J. BioL Cham.. 264. 14769 (1989) 


neuBgene 


J.Bac/er/o/..lZL312 (1995) 


nanA gene 


Nucleic Acids Res,. 8843 (1985) 


pyrG gene 


J. Biol. Chem., 2&L 5568 (1986) 


ugd gene 


J. Sacter/o/.. IZL 4562 (1995) 



Cycler manufactured by Perkin-Elmer-Cetus^ nucleotide in a host can be effected by a procedure in 
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expression vector. exoress the gene of interest Examples include 

^ Every rnicroorganism can be used as the host so long ^ n f^J^^^^^^^^ Brevit^acterium, Pseudomonas. 
microorganisms belonging to the genus ^'"''f'^'lZf^^^^^ 

same time, the expression vector =°'"P;^^^^^ ^ ^J^'J '^^^^^^ also contain a regulatory gene o1 t^e promoter 
,ion of sugar nucleotide and a transcnpbon ^2 ^^°^^^^^:^^^, ac2 (all manufactured by Boehringer Mannheim 

Examples of the expression vector 110600/83), pKYP200 (Agric. Biol. Chem m 
Co.), PKYPIO (Japanese Published Une)^m>n«i Pate" ^P'^^^* , ^.^^ 'gd. USA.. 5Z. 4306 (1985)), pBlue- 

669 (1984)). PLSA1 (A,nc^6,0. ^^-^f/^J/iS'S^^^^^^ ^T'^^'tf 103 ^ 

script II SK+ (manufactured by STRATAGENt) p ir^ p BP-5408)), pUC19 {Gene. Sa. 103 (1985 ), 

5407)), pTrS32 (prepar^ c° t^^ Unexamined Patent Applicaton No. 

pS-rV28 (manufactured by Takara Shuzo Co. LtdO. I ^ 

233798/88), pCG1 1 (Japanese Examined ^^JJ"! f/^'^J^^''^ host. Examples Include pron^- 

Any promoter can be used, so long J^^^^"^^.^^^;^^^^^^ promoter, lac promoter. P, promoter. Pr Promoter^ 

promoters are connected in series, tac P^^-^lf;; ^^"J '^"^^.e capable of being expressed in the above-mentioned 
V^th regard to the ribos^^^^^^^^^^^ between a ribosome-blnding sepuence and an 

^^ntaXll^drar.^^^^ 
pr^SnttrurnS^^^^^^^^^^^^^^ 

sugar nucleotide formation ^{^.f '"^^'^^.f ^fS^^ £sc^er/c/,/a co// W1 485, Eschench.a co, 

Escherichia coli DH1 . Escherichia col, MC1000 ^^^I'l'^^j;^ vV31 10, Escherichia coli NY49. Escherichia 

JM109, £sc/,eric/,;aco//HB10l, ^scheric^'^ fj^'' J^' ^^SuTbrevis. Bacillus amyloliquefacier^s. Brevitacterium 

coli KY8415. Escherichia coli NM522, Bacillus J^^^^ Brevibacterium flavum ATCC 14067, 
TlZ^hilurr. ATCC 14068. ^^s's/'C^ — ATCC 21170, Co^r.e,sc,ena. 

«-tcf 1303^^^^^^^ ATCC 13870, mcrobacterium ammoniaphilum ATCC 

- - ^^^^^ ^^^^^ '''''' ^"'^ 

. ^^°rrrrtS:::sjri::iot.^^^^^^^^ 

pies include promoters in genes of the glycolytic pathway. h«owna 

1 nromoter Si 10 promoter, heat shock protein promoter, MFal ^'^^^^^^ 'T^^ to the sugar nucleotide 

' ''"X^ard to'the host, any yeast «pab,e -^.l^SomSfceS^^^^^ a./' , CanOida parapsilosis. 

forma«on reaction can be -«^;,f ^"^^ 'S,fJ,f SSS/a"^ Cand-^a g.//«errr,ond,V, Ca.d/da albicans 

,s Candida krusei. Candida versatilils. ^^and'da Ipo^ ica^^^^ .^^^^ j^,^,^^,^ ^imus. Toru- 

Candida humicola. Pichia farinosa. Pichia ^^'^'^^'^^^f Saryo^y^s cantarellii. Debaryomyces globosus. 

lopsis iamata. Torulopsis versatilis. ^^^^'y°ZZ zfa£M Zygozaccharomyces bailii. Kluy^ro- 

Debaryomyces hansenii. Oebaryorr^yces lapon^us Zygo^^^^^ Brettanomyces lambicus. Brettano- 

myces lactis. Kluyveromyces marx.anus. ^-f^.^"";^^^"^ ^ZTans. Schwannior^yces alluvius. and the like. 

so myces anomalus. Schizosaccharomyces P^^^^' J '''°'Z^^^^^^^^^ be carried out in accordance with the usual cul- 
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Exanples of the nitrogen sources include various, n^ganica^^^ ^^^^.^^ p.^^p^,,, e/c.) 

amr^onium chloride . ammonium sulfate. ^'^'^Z^oo., NZ amine, corn steep liquor, meat 

amino acids (for example, glutamic acid, 9'^*^^"^'"^^ Lai or a hydrolysate thereof and the hke^ 
extract, yeast extract, malt extract, casem ^V'^^°'y,^.f ^'^^^^^^^ phosphate, dipotassium hydrogen phos- 

Examples of the inorganic substances '"<='"^^« P°*^^^'"'^„^"7^ phosphate, magnesium sulfate, 

phate sod'ium dihydrogen phosphate, f^er^^^ su'ate, copper sulfate, .inc sulfate, 

magnesium chloride, sodium chloride, calc.um chlor de, ferrous 9 ^,^^,^3, 

calcium carbonate, and the like. Vitam.ns. ^= J^;,""^ ^^^^^^^^^^ aeration stirring culture or the like means^ 

The cultunng is carried out under aerob.c ^""^J^^^^^^^^^"',"^^ is generally from 5 to 96 hours. The pH 

The curturing temperature is preferably ^^-^.^S ° 45 C and cuKu 9 ^^^.^ ^ , 

of the medium is maintained at 3.0 *° '^"J^^^^^^^^^ and the like. Mso, an.biotics (for example, 

nanic or organic acid, an alkali solution, urea. "'^'""^ j:^"^""'^ ' . „ -ulturing as occasion demands, 
fn^^a^lin. t'euacycline, etc. ) may be promoter is used as the pro- 

When a microorganism transformed with ' .^^^^ For example. isopropyl-p-D-th,oga- 

moter is cultured, an inducer may be ^^^^ ;",f ^^^^^^ with an expression 

lactopyranoside (IPTG) or the l.ke may be ^^-^^^^'^^^^^^f^,",^ ^r the like may by added thereto when a microor- 

..rs^^y^^^ 

lated Simultaneously into a single culture vessel to ~™ firstly cultured, the remaining microor- 

using the resulting culture broths. „,u,,rinn or a treated product of the culture broth obtained by treating 

.eXXSn^-r^^^^^^^^^^ 

' °^^SSsofthetreatedproductaftheculture.oth.c^^^^^^^^^^^ 

produrt She culture broth . a culture -P^'f cells (including microb^ cells) 

Sne culture supernatant, an enzyme P^^P^^*"" '.^'^^^a^^^^ product of the cells . a surfactant- 

!Sained by centrifuging the culture broth, a dried P^^^^J^^ ^^^/^^^^^^^^ ^Sa-c^'y ^-"P'^^ P^°^^=* °' =^'1' 

s treated product °' -f^t^ir^T^^^^^ of Ihe c^.s, a protein fraction of the cells, an immobi- 

^xsif^rir-:^^^^^^^^ 

T^he amount of the enzyme source used n the ^^^^^ aqueous medium using two or mo e 

. ScCa==-^^^^^^^^^^^ 

example^ose of phosphate, carbonate acetje '^J,^*^^^^^^^^^^^^^ etc.). amides (for example, aceta- 

. ^.ril^-^r^^S^:^^-^ enzyme source may also be used as the aqueous 

nTanplesof^e nucleotide precursor used in the .rma^^^^ 

tidine. urXe. cytosine. cytidine. adenine, ^^'^^''Z'-^^^^^^^ "/'d'"«-f " 

Sine, inosine-5-.monophosphate ^^^^S °' ^^'^ 

so monophosphate. cyt'dine-S-monophosphate, and the ^e. F^^e^^ a e ^ ^^^^^^^^ ^ ^ 

The nucleotide preairsor may be^ the form o^ ^^lltion^f ^ °' P^«^^^^°' "^'""^ T 

broth containing the precursor produced by ^^fj^^'^^^or M as its impurities do not inhibit the reacton. The 
the culture broth may dso be used as the "^.^^«^^'^^^^P^^q"7^°^ ^ °o k/,, p^eferi^ly from 0.01 to 0.3 M. 
nucleotide precursor is used at a concentrauon of from 0^1 mM o^^^^^ ^^^^^^ ^^^^^^ galactose, glu- 

Examples of the sugar us«J in the formation of the ^^^^^ ""^'f N-acet^mannosamine, acetylneuramin.c 
cosamin7N-acety1glucosamine , N-acety^alactosamine, mannose fu^ .^.^ ,^ ^ 3 

ac. and the like, and der,va«v^thereo. ^^^^^^^^^ r.rm^S df^ot inhib. the reaction. The sugar is used at a 



material containing the same 
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uously during the reaction. npressarv for the regeneration of ATP. a coenzynne. a 

: b. u ^at a concentration o. generally from 1 to 1 00 rr,M^ .^^^ ,,„eo,des . such as 

Examoles of the surfactant include those which enhance the proou manufactured by Nippon Oils 

noniSTuSctants (for example. Po'^^^^^f ^'-^^jf 3^^^^^^^^^^ alkyldimethy. benzylammo- 

used at a concentration of 3-erany '^^^^^^^^^ :;,f,,^'^„„ene, aliphatic alcohol , acetone , eth^ acetate , and the liKe , 

..cr:^?:uis==^ 

The reaction for forming a sugar ^ ° . , ^ of from 2 to 96 hours. 

i:^^^^is:^''s^^!^^^^-' 

NeuAc. and the like, and derivatives thereof ^^^^j^ in accordance with a 

Determination of the sugar nudeotde formed '^^^^ ,^^^1°^^^^^^^ can be carried out by high perform- 

^o.. method, for example, isolation and ^"^^^^ in Anal. Bioc^en.. . Zl^, 18B (1994)^ 

ance liqud chromatography (referred to H^^.^l^^^S^^^^^ GDP-Fuc and CMP-NeuAc can be carr.ed out by 
In addition, isolation and determination of UDP C:.icnac. o 



40 



HPLC under the following conditions: 

Elution solution: . , „ „ -^w, u pn ^ 

0.1 M KH2PO4 (adjust to pH 3.2 with H3PO4) 

Flow rate: 

1 ml/min 

^°'^"^Partisil-10 SAX (manufactured by Whatman) 
45 Detection: 

UV 262 nm 



50 



55 



''^""ScuTa^ed by comparing standard absorbance values 

Hecoveryofthesugarnucleotide.rmedlnther^.ionso^^^^^^^^^ 
carbon, an ion exchange resin ar^ the .i.e, process described in J. Org. C.ern.. 

the process described in J. Org. Chem.. 5L 15Z paa^;. a 

^ rrfgSd to the microorganisn. , 

hydrate of the present invention, all microorgan^ms^anima c^^^^^^^^ ^,,^,33 , ^uch 

bohydrate from a sugar nucleotide and ^^/^^^^^ 

n^icroorganisms, animal cells or '"-^^ ^f^f^^^^^^^ glucuronosyltransferase. mannosyl- 

transferase, N-acetylglucosaminyltransferase, N acetyigaiaci 



14 



EP 0 870 841 A1 



10 



15 



20 



25 



30 



transferase, sialyltransferase. fucosyltrans erase, ^"^'^^^'^^ recombinant DNA techniques can also be used 

,n addition, microorganisms, animal cells or ins«:t cel^ ^.^S pSuc^on. Examples of such microorganisms^ 
in a similar way to the case of the above-mentioned sugar mc eobde P ^ gi^cosyltransferase gene derived 

anfmal cells or .nsect cells incite Eschenctva ''''^fJ'^'sTusTS l^S (1996)). human melanoma cell line 
Tom human melanoma cell line SK-M^'-^B ('^^^^^^^^^^^ cRlS, -comb.nant cell l.ne such as namalwa eel, 

WM266-4 which produces P1 ■3-g3l3=*°^y"^^"^'^^'^^^^^^,,„^^^ derived from the human melanoma cell line 

Tne KJM-l or the like which contains the >9a ac^osytt^^ansferas^ 'i81759m7 Escherichia coli {EMBO J.. 9. 3171 
WM266.4 (Japanese Publish^ ''''^To^SeTJIopT^e^^^^^^^ expresses the pi. 4- 

(1990)) or Saccharomyces cerev,siae aop^ys^ Hes^c-o — ^^ich expresses the rat 

Uactosyttransterase gene derived from ^--^-^^^ ^f^- ^ s'all 1993)), Sf9 cell line which expresses human 
;i.6-N-acetylglucosaminyltransferase ^^^^ ^i^^'oL Chem.^ ^^ hscherichia coli which expresses human glu- 
N-acetylglucosaminyltransferase gene (J. Biochem.. ^° ^^^^^^^ cell line which expresses human 

w»i ,M 0.11s are l« t-oducina '^'^^'XSZ 'rrM Mraof modhied by tamer Mdng M»l 

product of the culture broth, a culture «"P^'"^^„'^ ""^""J '^'"^2 cells (including microbial cells) 

the culture supernatant, an enzyme P'^P^'^''°"°''^"^J^^^^ product of the cells, a surfactant- 

obtained by centrifuging the culture '''^^ '^/^I^Pgu^otie cet 'a mechanically disrupted product of the cells^a 
treated product °' -'1^:^^^^^^^^^^^^ of the cells, a protein fraction of the cells, an ,mmob,- 

toioirx=;-rs:^^^^^^^ 

1 nmole of the complex carbohydrate within 1 "^'""'f^* ^^ carbohydrate include water, buffer solutions 

Examples of the aqueous medium used ,n j alcohols (for example, methanol, etha- 

(tor example, those of phosphate, carbonate. -=^'^'^^^4^^^^^^^^ efc). amides (for example, aceta- 

p-mercaptoethanol and the like may be added _ carbohydrate, the above-mentioned reaction solution 

- cbta^^rLT^^^^^^^^^^^ 

''°''zss>:':z^"^^^ -pp"-^ - ---"^^ 

the sugar nucleotide by the above-mentioned process. 
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4Si'-4gS, 2'-.ucosyllactose, 3-fucosyllactose. 3 "^f/^^^^^^^U^^^^^ ladodifu- 

cotet aose, 3'-sialyl-3-fucosyllactose, sialy1-Lew,s ^ ^j^^^^^^;; Ts-tetrasaccharide b. LS-tetrasacchar,de o, 

2to-N° ucopentaose 111, lacto-N-fucopentaose ^^fjf^^^f^f ^sparagine and peptides containing these 
rr3)s,a,y.,acto-N.ne<.e2- 

N-Let^mannosamine. tucose. ^-^^-^'^'f^^S'l^^^^^^ a-fucosyUactose. 3;-sialyHactose, 6 - 

GlcNAcpi-4Gaipi-4Glc. g.obotriose, ^alal^Gaip -4Glo^^^^^ sialyllacto-N-biose. Lewis X, Lew.s ajacto- 

sialyllactose, 3'-sialyl-N-acetyllac^osam,ne 6 ^^^^^^^^^ sialyl-Lew,s X. sialyl-Lew.s a lacto^ 

N-tetraose, lacto-N-neotetraose, 'actodifucotetraose^3 s aiyi 3 u ^^^^^ v, LS-tetrasacchande a LS- 

rjoSntaose 1, lacto-N Wntaose I. ^-^^-'^f'^'"^- 
tetrasaccharide b, LS-tetrasacchande c, n te^aose and derivatives thereof; aid complex carbohy- 

Sn, ScPI-SMan, Ga.NAcpi-3Ga., f ^'^^^^^P^; G,cUApi-3GlcNAc, GlcUApt- 

JacNAc, Mana1-6Man. Mana1-3Man, Mana1-2Maa OcUAJI ^^^-J J^^^, NeuAcc2-3GalNAc. Ne.Aca2- 
SnAc NeuAca2.3Gal, NeuAca2-6Gal Neu/^-3Glct^c I2uAca^^^^^_ ^^^^^ Fuca1-2Gal and Fucal- 
Sm= NeuAca2.8NeuAc, P^-V'^^'^hchTomafn ihe^s. de Sb^ complex carbohydrates, .n this case, the 

Szl^ceon culture «' = ^;;S«;rioau» UT^ 

"2 2~y™ .«*n using e*.. >»oK of. T^''"^^^^ Smr.biHy lo p-oduc. OTP torn . 
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^ CTP,,.n,.....-r<.,CTP.n..*™,,«™»..n,«.«i.,,0P.=<.-.C-'-"-""<'-""»-' 

f,rU nf these culture broths, as enzyme sources, GlcNAcB1-3Gaipi-4Glc by carrying out an 

<r.aio N euaose can be formed from orotic ^'=f S^^.^^wSe^having the ability to produce pi ,3- 

sor of UTP and a microorganism having the aoiiiiy w h 

of these culture broths, as enzyme sources. „,aciose and GlcNAcpi-3Gaipi-4Glc by carrying out an 

?m larto-N-neotetraose can be formed from ^^'''y ^pmbO J 9 3171 (1990)) or Saccharomyces cerevmiae 
SzSe reaction using cuflurebroths Of Es^^^^^^^^^^^^ 

ture broths, as enzyme sources, N-acetylglucosamine. galactose and lactose by ra^y.ng 

(10) lacto-N-neotetraose can be formed from orrtK:ac«^^N^^^^^^ ^^^^ Ne/ssena-denved pi ,3-N^ 

microorganism Having thea^^^^^^ ^ :r^'i';pT.1^;:^^^^^^^^^ of these culture broths, as enzyme 
ing the ability to produce UDP-Gal trom a suy 
nS3).a.yllacto.N-neotetraosecanbeformedfromor^^^^^^^^^^^ 

S nSoseby carrying out an enzyme reactior, "^7-"l*"^%^°*^827l 0996)). a microorganism having the 
^TNeLeriL-derrved ^2.3-^a.yl.-^erase ^e iu.ity to produce CMP-NeuAc 

rat^:.^?^ by carrying out an 

TaT la^^N-fucopentaose 111 can be formed rom GI^P. ^.^ss humanKlerived a1 .3-fuco- 
SySJUon 'using culture br^^^^^^^^^ 

:S?SVt^t 'J:r^^::'^^^^-i^^^ . a— -m a sug. and GTP. or treated 

eniySe reaction using culture broths of 1"^'%°°^^'^^^^^.^^^^^^^^ having the ability to pro^ 
Sc»sy.transferase(.^o^^^^^^^^ 

Sr" "^n^Z prS of^t?:X\roths, I enzyme sources, ^^^^.^ ..ng 

^4) gl S^-'can be formed from o'oi-^'^^^^f;^^^^^;^^^^ (WO 

c2re broths of a microorganism ^^^^9 «;.:,t SucXp f^^^^ °' U^'' ^'^ " microorganism hav^ 

J^^^^bo^iosecanbeformedfromorotica^^^^^^^^^^^^^^ 

. rorrn;i:rra=^^^^^ 

~ = 
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,S)GalaV4Ga,pi..G.cNAc<.n.e1orn.ed.o.orot,caa.,S.a^osean.^ 
enzyme reacton using culture broths of a "^an-sm ^^^^^^^ 

;:^r"n=tro.orotica^^^ 

eJcton using culture broths of a" anirr^l c Ijne havrjg .^^.^^ 

: Sar L UTP, or treated products of t.ese f J^^^^^^^^^^^^^^^ acid and lacto-N-biose by 

(18) sialyllacto-N-biose can be formed from °^°''"f ' '^^"^^^^^^^^^ ability to express Neisseria- 
carrying out an enzyme reactio-i ^^"'^^^^'^ 5;°%%°*/, m 9^)^ m'^rrganism having the abilrty to produce 

OTP, or treated products of these culture braths, as enzyr^e sources 

(19) sialyl-Lewis X can be formed from GMP. 7^""°^^ -^^"'^^ "^^^^^^^ 

enzyme reaction using culture broths of an an,rna 'l^^J^^^^ tt^^^^^^^ to produce GTP from a pre- 

syltrrnsferase (J. Biol. Ct^em.. 222, ''l^'^'^^'^'^^^^^^ gdp Fuc fS^ a sugar and GTP. or treated 

cursor of GTP and a microorganism having the ability to produce our rue 

products of these culture broths, as enzyme sources, ....^^ N>,in«se bv carrvino out an enzyme reaction 

(20) sialyl-Lewis a can be formed from GMP, mannose a,^ 1 H Li) and cuitu^ broths of a microor- 
using human a1 ,3/1 .^-'u-syltransferase (Ca*o^^^^^^^ m 1 i^^J^^^^^^;;: ,,3 .^ility to pro- 
ganism having the ability to produce GTP from a P^™;° Sure t^o^s as enzyme sources, and 
duce GDP-Fuc from a sugar and GTP, or treated products of ^^J'^^^""^^^"^^ ^^^g culture broths 
(3l)Mana1.2Mancanbeforme.fro.G^^^^ 

of Escherichia coli having the ability to e^^fss nrecuiBor of GTP and a microorganism having 

sources. 

and viruses, ™mniD in cell adhesion recognition of foreign substances 

(3) complex carbohydrates which are concerned, f '^^J^™ which contain one or a 

Lnd binding of various types of lymphokine in J^^J-"^ ^^^^^^Jf ^"^^33^^^^^ 9l"<="^°"''= 

rx^c^irm— ^^^^ 



c'rfic examples include 



(t) complex carbohydrates which are contained in the mllK 

tion of infants from microbial infection, for example, complex carbohydrates, such as lacto n 

neotetraose, and the like, ^;^,„ornankm>; such as Escherichia coli, 
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ViMo para^aemolyticus heat-staWe toxin, tetanus ^^.^ gm3. etc.). globoside gly- 

(6) cancer-related corriplex cartwhydrates such as gangl,os,des (for example, ^ 

colipids, and the like, arihpsion of leukocytes to inflammatory regions and 

Of foreign bodies and cancer cells. 
Kmwn method. [Prcc Ml. '>"i,'^' "f^?^' '^.'S.to^^ua „„ cn b= c.„i1 out m tho usial 

""^"z;ro.ti^'5:ii2on'r,£sro, j, o, .os„*„ not o,«» », t«,..oo. 

rr-T trr- "° " thf iwehtiqn 

» Example 1 : Con*ootioo ol rocort>™n. pxsmtd oapoBe ol wr.s*, ,atu and ppa 

Co„»„*n Ptooes. ,.»n*,n.», P,.n« pNTta o.p^le o, «,«.,n= and pp. . d.*- « ttto to,- 

lowing (Figs. 1 and 2). 

^5 1) Construction of expression vector containing Pl promoter 

construction ofpPASIandpPACStasP.promoter-containing expression vectors werecarried 

so anomer £sc/,e.Wa co// which has P^ f^^^'^'^'^^!^'^^^'^^^^^^ pPAC1 (PERM BP-6054) were 

Application NO. 233798/88) P. promoter ^^^^^ZTr^^^^-r^'Sy DHco). 5 Yeast Extract (manufac- 

From the cells obtained by the cuHunng, pTrSSO. pPAl ana pwo p 
35 above-mentioned known Processes _ ^.^^^ es Psfl and C/al. the resulting 

A 0.2 ng portion of the thus purrf.ed pTrSSO ^^Z^^^Z^noi then a fragment of 3.4 kb was recovered using 
DNA fragments were separat^by agarose sel «l«*°P;^7^,=;f^ J^^^,.,^ ^f^, DNa was cleaved with restriction 

?:;;.rp:;.'a":?/«^ 

Kb were subjected to ligation reaction for 16 hours at 16 ^ transformed in accordance with the above-men- 

.onroi'xr srix/r^irr.^^^^^^ ^ — - '^-^ 

45 and then cultured overnight at 37°C. transformant in accordance with the above-mentoned 

•™U*7.*Un «t, ,n, ,»=n,.nts o, 3. » S^^,— "^-"-^^ IT 

tn. tno. ,.o.n c-oni. o, m. ttan«o,n»n, in aooo«.nce .«n tn. .,„...™n.on.d 
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2) Construction of galU expression plasmid 

Uno chromosomal DNA, 0.5 ,M of each pnmer^Ou^^^^^ 

Ltd,), 4 ^.1 of 10 X Ex Taq buffer ('^""^'l"^*^ I'/Jfl'^" , for 2 minutes and 72«C for 3 minutes. 

30 cycl^ of the reaction, each cycle containing 94 C fori -^'"^^ J*^ ^ electrophoresis to verify amplification of the 
'° TSo volume Of the reaction solution -^J^^^f^^*" ^^^^^^^^ volume of phenoUchloroform (1 

tragment of interest, and then the fen^«'n'n9;^^'=»'°" 7,^^ 1 mM EDTA). The mixture solution was cen- 

Sl vol) solution with saturated TE (10 J^^^^^^^^^^^^^ ethanol and allowed to stand for 30 m.n- 

trifuged. and the thus obtained upper layer ^f^^J^^l ™, ^ jp-.tate of DNA. The precipitate was washed 
utes at -80»C. The solution after standing ^^^^^^J'^^^'l^^^^l Hereinafter, the steps starting from the addition of 

:;:irrsrnrsrt==^^^^^^ 

e^Se was dissolved in 20 

tion enzymes H/ndlll and Sa^HI, the --'^i^^^^-^c^^^^^^ DNA obtained in Example 1-1 

, a fragment of 0.9 kb was ^^^^^^^^^ "^"^ °f fragments were separated by agarose gel 
was cleaved with '^strict-on enzyme H,ndinandB^H^ ^^^^^ 

and then cultured overnight at 30°C. transformant in accordance with the above-mentioned 

enzyme cleavage (Fig. 2). 
" 3) Construction of simultaneous galU. ppa expression plasmid 

A«=r completion ol Ih. PCn Mami.nl. lh= DNA «a« cl.a.«l "iO- 'Ml'"*"" 

;„z,m^ SamHI and Sai.M -t"""; °""""T«r"o sTo ;i«on ol p^ ON* oM.insd in Example -2) »•= 
™rtol,0*wa..eoo.e,«-rjO=ne^^^^^^ 

tioned known process, and the resulting transformant was spread on lb ag 

and then cultured overnight at SO-C. fransformant in accordance with the above-mentioned 

ntrrr<j«n^=:s?e..«wi. 
;'eSr.";s^r.rB,Vn.^Sifr.:is^^^^^^^ 

resincuon « ^ ,^ .^^nuorpd in the same manner. 



45 



50 



r rt^gmXTs^^^^^^^^^^^^^^ in the same manner. 
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(Fig. 2). 

Example 2: Production of UDP-Glc 

1.4^ infn a 1 L baffled conical flask containing 
, Es»a CO,, KY8415/PNT12 obtained ^^^^^ '"^.^^.^f^^^^^ ?7 hours under shaking at 220 

125 m oTlB medium supplemented with 50 .g/ml ^^'^J^^^^^'/g^'^^S^f, ,e^^^ containing 2.5 L of an aqueous 
pm A 125 ml portion of the culture broth ^'Ib^To jrypt^ (manulactured by Ditco), 24 gA 

^um (Without adjusting pH) which « 1 0 g ^^'at 't ,iz S) ^^.5 g/l K3HPO. (sepa-te sterilization 

. r5oT;.ii::^=-~^^ 

^■^rngnh%t^ring,pHotthemedium^^^ 

was added during the culturing when ^^"'f "J^ by thawing the cells prior to use. 

demands, these wet cells can be P^^\^^_^' a 300 ml-baffled conical flask conta.n.ng 20 ml 
20 Corynebacterium ammoniagenes ATCC 21170 was by Nippon Seiyaku). 10 9/1 Yeast Extract 

Of an aqueous medium of 50 g/1 glucose, 1° gJ ^'^^P^"^ SX^C^^ 3 k'JpO., 1 9/I MgSO. • 7H.O, 0. ^ 
(manulactured by Oriental Yeast). ^^^^^^^■^^^^''.^.'Sl'-^^^ • Uh\o. 20 mg/1 L-cysteine, 10 r.^^c^^ 

bo-:£rt?rm»^.»^^^^^^ 

,s and cultured at 28°C for 24 hours under ^^'^"S^J.ff ° ^.^^'^ 2 ^ baffled conical flask containing 250 ml of the same 
A 20 ml portion of me c.JJ.re broth - ^^O rpm. T.e thus obtained culture broth was 

aqueous medium and cuitureo ai o lui 

used as a seed culture broth. . vessel containing 2.25 L of an aqueous 

A 250 ml portion of the seed culture broth was 'J^^/^';,' Industry), 10 gV. KH^PO^. 10 

so medfum of 150 g/1 glucose. 5 3/1 meat «trac,(n^nufe^^^^ ZnSO.-THA 20 mg^l 

sn-C and utilized by thawing the cells prior to use. p^rherichia coli KY8415/pNT12 wet cells, 150 

A 3?m Porton of a reaction solution having a 5 g/1 MgS04 • 7Hp, 5 g/1 

g, Coryntacteriu. ammoniagenes ATCC 2;;77 "^^J^^ w^s put into a 200 ml beaker^ 

h^l^i K:irwrr=' V32^crr^^^^^^^ the reason solution with a magnetic stirrer (300 
during thereaction,pH of the reaction solution wasmaint.nedat..2using4.NaOH, a. 

« '''^^utrtZTf^ UDP^lc (2Na salt) was formed in the reaction solution. 

Example 3- Construction of recombinant plasmid capable of expressing galT and galK 

Constru.ion.ocesso.re.^inantp,asmidpNT25capableofexpres.nggalTandg.Kisdesc^^^^^ 

6 were synthesized. The PCR was carried out "^-^^^f^^.^t as^^^^^^^ the foregoing. 
DNA of the stiain W31 10 as the ^er^P'ate under the same ^^^^ ^t^anol precipitation process. The 

After completion Of thePCRtreatment,apreap^ 



55 



After completion ot me r(..nuBauM,=M.,-K.-^-- solution, the DNA was cieavea w,i.. l=ou.>,..^-.■ 

precipitate was dissolved in 20 ^l of TE. Using 5 ^ Pf'^^f'f^^rjby agarose gel electiophoresis and then a 
Ses H,.dill and Hincn. the resulting ^^A »rag-en^s were se^Jed ^9^^^^ ^ „ ^^aved with 
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15 



20 



and then a fragment of 3.0 ^ was recover«l in ^^^^'^^^l'' reaction ,or 1 6 hours at 1 6»C. 

using a ligation kit, the fragments of 2.3 kb ^"^^^^.^^^^'^ was transformed in accordance with the above-men- 

,,.rr ;rs:rr.=:.=^^^ - - --'^^-^ ^ 

and then cultured overnight at 30°C. transtormant in acx:ordance with the above-mentioned 

and then cultured overnight at SCC. transformant in accordance with the above-mentioned 



25 



Example 4: Production of UDP-Gal 
1) Preparation of galT. galK. galU. ppa expres^on strain 
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1) Preparation ot gai i. ydirx. ya.-, ki -i- 



50 



55 



2) Production of UDP-C3ai 

2. and the culture broth was --'^•'"Sf J^t^^^^^^^^^ centrifuged to obtain wet cells. As occasion 

cuttured in the same manner as .n Example 2. f the cu«u 

dematKls the wet cells can be preserved at -20 C and ^^'^^"yj"^ Escherichia coli Nr^522A5NT25/pNT32 wet cells 
^2 Lportion of a reaction solution having a compos*on of 50 g^^^^^^ a ^^^^^^ ^ ^^^^ ^ ^ 

^^ ^cSntacteriom —^^^'/^Tc Jc J o^tasSm Z^'T^r.ee. S.l^5 and 10 mW xylene was pu^ 
'^-0tnTthTrSrp2i«nso,ut^ 

'"^;XeaS^^^^^^^^^^ (2Na salt, was formed in the reaction solu^on. 

«eS:Constru.on Of re.mbinantplasmidcapa.e Of expressing galTandga.^ 

'"lstruc.onprocessofr^binantplasmidpTK.capa.eofe^^^^^^^^ 
in cSnSS'm amn^oniagenes is described in the following (F,g. 4). 

1) Construction of pCG116 

- . OS . pp.,» . po- rro^«rr«.'?s-^ 
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. Jenaea using D.A B-;- ^^^^^^^^^ a,a.ose ge. e.eCophoresis an. t.en a 

witf, a restriction enzyme Psfl, *e ^^^""^9^^ ^ (manufactured by BiolOD- 

enzyme cleavage (Fig. 4). 

2) construction of pTK7 capable of expressing galT and galK 

and then cultured at 3D»C for 2 days. transformant in accordance with the Iciown process, 

nized by restriction enzyme cleavage (Fig. 4). 

Example 6; Production of UDP-<3al ^ 

^"^;X-otr uTp'S C^Na sa,*) was formed in the reaction solution. 

^- ^ ^1,^1 1 nna Dam olmM. glk and pfkB expression plasmid 
Fxample 7: Construction of gImU, ppa, pgm, giriii .y 

« 1) construction of gImU and ppa expression plasmid ^pO ID NO B 

.esensestra. ON. primer shown in S.a.O~ ON. 

After completion of the PGR treatment, a p ec p.tate f ^^^^'^^^^ ^^e DNA was deaved with restriction 
DNA precipice was dissolved in 20 m| of ^^Jsing 5 ^ po^^^^ "I^JaS by agarose gel electrophoresis and then a 
enzymes Wndlll arxi SamHI, the ^^sult-ng DNA ragmenU were sepa^t y y ^^^^.^^ Example 1-1 

ragrent of 1.4 kb was recovered using C'eanJ^^it^A 0-5^^ ^^^^ agarose gel 

was cleaved with restriction "fJ" "^,f f^^Je ed n the same manner. ^ ^ ^, 

^'^-uSataSsrr^^^^^ 
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tioned known prcx;ess 
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TO 
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25 



and then cultured overnight at 30°C. transformant in accordance with the above-mentioned 

San. the resulting DNA fragments were ^«Pf f^.J^^.X/scrtoed pNTIO DNA was cleaved with restriction enzymes 

and then cultured overnight at 30«C. transformant in accordance with the above-mentioned 

recognized by restriction enzyme cleavage (Fig. 5). 

2) Construction of pgm expression plasmid 

sense stra. 0.. primer sh^n -^o- 

NO-.10 were synthesized. The PGR was car^^ "'^'^^ as described in the foregoing, 

somal DNA of the strain W31 10 as the ternplate urxler^h san «» precipitation process . The prec.pi- 

After completion of the PGR. a precipitate of obtainea y ^.^^ restriction enzymes Cla\ 

tate was dissolved in 20 ,1 of TE. Using 5 ,1 P^^^"^'^^^"'^";^^^^^ and then a fragment of 1 .8 1* 

and BamHl the resulting DNA '^^S'^'^^^f ^^^n ^rt Se pP^^^^ ^^^'^^'^ '''^ . 
re=en1;t^2^^^^^^^ 

then cultured overnight at ZQ^'C. translormant in accordance with the above-mentioned 

.„^rr«r.";>:^"?p= 

enzyme cleavage (Fig. 6). 

3) Construction of glmM expression plasmid 

..sense strand DKA primer Shown in™ 
N0:12 were synthesized. The PCB was ^^"f °^ "^'"^ ^ndi^ons as described in the foregoing, 

somal DNA of EschericNa «,// W3110 ^.^ ^^j^gj.^';;,' ^^J^.S by the ethanol precipitation process. The prec.pi- 

After completion of the PGR. a preciprtate of ^'^^A was ob^^^ cleaved with restriction enzymes Cla\ 

and then cultured overnight at 30°C. transformant in accordance with the above-mentioned 
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enzyme cleavage (Fig. 7). 
4) Construction of glk expression plasmid 
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20 



of 0 sl^ was recovered using Ger^e Clean U IC-t ^^^^.^..^ enzymes H-ndlll and 

recovered in the same manner. . „ ^ ^ a 9 kb were subjected to ligation reaction for 1 6 hours at 16 

using a ligation kit. the fragments of 0 5 kb and 4^ "^J^^^^^^^^^^,^^ m accordance with the usual process, 
u:ing the ligation -'f -'/^t^ 50 .g/ml ampcilHn and then cultured over- 

and the resulting transformant was spread on Lb agar meu 

"■'n?i^.ingap,asm.tromthe.usgrowncolon.so,th^^^^^^^^ 

ing a paTd glk was obtained. Structure of the P'^l descrto^ a£le the DNA contained in 5 ,1 portion of the thus 
' The PCRwascarried out underthe same corj^^n^^^^^^^^^ 

obtained DNA solution was cleaved w,th a '-^^1^'°^^'^'^^^'^^^^^ the same manner. A 0.2 ,g P°rton of the 
aaarose gel electrophoresis and then a fragment of ° ^e^^i^ion enzyme Wndlll and subjected to a 

'n's DNA Obtained by the i^^c-esaibK. proce^^^^^^^ t fsS ONA fragments were separat«l by agarose gel 
Sephosphorylation treatment wnh ^ '^'ry'S, ^sSeVi in the same manner. 

^^d:^:::^:^ andthen^turedover 



8) 

30 5) Consfruction of pfkB expression plasmid 
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5) Construaion or pir.^ - u « qfO ID 

After completion of the PGR, a prec.pitate of DNA '^^if^^^"]^^^ ^nA was cleaved with restrichon enzymes 

^^^^^ 
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(Fig. 9). 

Example 8: Production of UDP-GlcNAc 

cultured in ,he same manner as l^^-'^J^'j'^''^;^^^^ by thawing the ceils prior to use. 

wet cells As occasion demands, these wet cells can be Preseivea ai NM522/pNT24 wet cells. 6 g/i 

A 0.1 m. portion of a -ction sc^uton ha^ng ^^-^^^^^^^^^^^^^^^^ g,ucose-6-phosphate, 2.5 mM 
NM522/PNT47 wet cells, 100 "^^^ J^'*""^' JSTnto a 15 ml tube, and 1 hour of the reaction was 

,ructose-6-phosphate. 2.5 mM ATP and 4 g/l Nymeen JSI^ was pu^mo^ ^^,1^ substances was 

carried out at 37»C. The ^°'"*'°;i^f;^""J^^ cJ^ 67nM522/pNT44 wet cells. 5 mM glucosamine-6- 

^.SN?i4rcTS^^^^^^^ 

"^^;sV4:^^rcS'SG.c.1,6.P2 necessary for the ^^^^^^ 
bination of a pgm expression strain with a pfkB expression strain. 

Example 9: Production of UDP-GlcNAc 

Example 7 were cultured in the sane manner as in Example 2 ana eacn o ^^^^ ^^^^^^ 

A 30 ml portion of a reaction solution having a compo&wn or lu y Co/ynebacfer/um 
KY8Jl5/pNT14. NM522*NT24. ^^^f ^^^^^^^^-^f^^o 15 g/l t^HaPO. 5 g/l 

3. ammoniagenes ATCC 21170 wet =f ^'^^O gj^ r^ose^ 8^^^^^ fcjl S^een S-215 and 10 mW xylene was put into 

rg?^m;re£r%^d^rtto;r^^^^^^ 

ng Jh"^ reSon. pH of the reaction solution was maintained at 7.2 using 4 N NaOH, and fructose and KH.PO. 
" ^%ft;fret^:r6^SuDP^IcNAc(2Nasa«)was,ormedinthereactionso.ut^ 

Example 10: Construction of galK expression plasmid 

» ligaW ™<*on lo, 16 hours « 16-C ■^'''^^^^ M„*,mrf in accoraance««l>me piocts., 

night at 30*'C. . .^^ ^. ♦.onc^orrnant in accordance with the usual process. 

(Fig. 10). 

50 

Example 11 : Production of UDP-GlcNAc 

- «n"ss;rrr— ^^^^^^^^ « 
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^"\^£r:^Z"T7T9'^ UDP-G.ONAC (2Na salt) was lormed in me reaction solution. 
Example 12: Simultaneous production of UDP-GlcNAc and UDP-Gai 

Th. strain NM522/pNT25 obtained in Example 3 was cultured in the same manne^ as '^^^ l^^^^^l^^^^.l^Zl 

lion. 

Example 13: Construction of p.asmid capable of expressing r^nB. manC, pgm and pfkB 
1) Construction of manB, manC expression plasmid 

sense strand O..primers.own in S^O ™ 
N0:18 were synthesized. The PCR. was <;f "f^ 'J^^^^^^ conditions as described in the forego.ng. 

somal DNA of Escherichia coli W31 1 0 as the ^^TP'^^^^^f^"^ J^g-ned by the ethanol precipitation process. The 
After completion of the PCR treatment, f P^^^'P^^^^.^'^e ilution. the DNA was cleaved with r^tr^on 
nrecipitate was dissolved in 20 ^1 of TE, Using 5 »J P°^''°"°V«,„rTted by agarose gel electrophoresis and then a 
'en?y^? H/ndlll and Barr,Hl. the resulting D^^'-S;" Jl^^g^S^i^^ " SK. DNA was cleaved with 

.agrentof3.0Kbwa^^recov^^^^^^^^ 

restriction enzyme cleavage (Fig.1 1). rpstriction enzymes C/al and SamHl, the resulting DNA frag- 

A 0.5 ng portion of the pNK6 DNA was cleaved ^''^ reslrirtion enzym recovered. A 0.2 ng portion 

.«.ts wer^^parated by agarose gej f-^-P^°[^^^^^^^^^^^^ Cal and Ban,H,. the resulting DNA 

of 0PAC31 DNA obtained in Example 1-1) was cieavea wm . , ^^ 5 5 kb was recovered. 

rafments were separated by agarose 9f ' f ^^Ts wTe ^^^^^^^^ ^^^^"^ ' V'"""- 

Using a ligation l^t. the fragments "f^ O kb and 5^ VJ we^^^^^^^ in accordance with the usual process, 

night at 30*'C. , ..^ transformant in accordance with the usual process. 

cleavage (Fig. 11). 
' 2)Conswaiono(pgm.plRBsimll.n«"=e<P™»i«'l"»="*' 
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'irrc='— ^^^^ 

Ltd.) was cieavea wiin !■==. q n uh «;a«: recovered n the same manner. 

gel electrophoresis and then a fragment of 3.0 to ' hours at 16"C. 

using a Hgation both of the fragments of --^^^^^^ .ith the usual process. 

overnight at 30°C. .^,^ni»c nf the transformant in accordance with the usual process. 

cleavage (Fig. 12). „ opn in NO-i 9 was synthesized, and the PGR was carried out using the 

The sense strand DNA primer shown m SEQ ID N0.19 *f ^ synmeaz^. ^^^^ ^^^^^.^^ 

EaHV «,d Bs/n, the ra.ulting DNA ««™'* ""''„'5»''St,?i:|CA aea.S wiin reslriaw en.,n,as Sm. I 

night at 30**C. ^ .w^nioc r^i the transformant in accordance with the usual process. 



30 



tion enzyme cleavage (Fig. 12) 
Example 14: Production of GDP-Man 
1) Preparation of manB. manC. pgm, pfkB expression strain 



35 



r: i»i-j5^ Pcr/iPr/c/7/a CO// NM522/pNK7 was transformed in accordance 
using the pNT55 DNA obtained in Example 13-2), ^^crter/c^/a co / nms p i^,i„ip 

with the 2su^ process, and the --'t:9:-^^-™/;^,no"C '^^^^^^ transfo'rmants, Esc,enc>.,a 

and 10 ,9/ml chlorarrphenicol and /^^J^"^*^',^" ^^^^^^^ strain, 

co/i NM522A5NK7/pNT55 was obtained as a manB. mano, pgm, pmo >^ 



2) Production of GDP-Man 



in B«.pl. 7 «ar. cUlurad sMiaratdy in W sam. m«m» ^"!?S™sATCC21i70 was cultured In m.aama 

rr:rerm«rreS^=^ 

Ts ^nrpres^r^ed at -20«C and utilized «^-^,'5S°eSe.c.-ac^^^^ KM522/pNK7/pNT55 wet cells, 

r-m7.;^n»o%io^^^^^^ 

iCth^erS PH^ :J rrSn solution was maintained at 7.2 using . N NaOH, and KH.PO. was added 
"'"bJJ rScon, 14.6 g. GDP-Man (2Na, 1 H,0 satt) was formed in the reaction solution. 
Example 15; Construction of gmd, wcaG expression plasmid 

r.. .an.a ..and DMA p.ln.., a.»n In SEO » f^^Jl^i'^.Z":;^": ^Z.'T^ S°J^ 
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2,3 Kb was recovered using Gene Clean II KA. ^^^^.^.^^ ^^^^,3 H/ndlll and Sail 

ered in the same manner. ^ooi^=nH-?qkb were subjected to ligation reaction lor 1 6 hours at 1 6 C. 

Using a ligation kit, the fragments of 2.3 kb and 3.9 m accadance with the usual process. 

plasmid pNK8 containing god and wcaO. was odts 



cleavage (Fig. 13). 
Example 16: Production of GDP-Fuc 
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Example lo: rruuuv.i.w..w - . ,- i„ i= anH 

. ^ • cv=,™^io -lA NM522/PNK8 obtained in Example 15 ana 

Escherichia coli NM522/pNK7/pNT55 obtained m Exa-^I^^^ ^MK^P^ 2, each of the thus 

NmSp^T46 obtained in Example 7 J"''-^ J^^^^c^yTba^^^^^^^^^ ATCC 21170 was 

oSoed'culture broths was -"^[""^^^-^^^^^^^^ centrifuged to obtain wet cells. As occasion 

rrrsenTetcr^bV^s^i^t^ 

a™£e.e3 ATCC 21170 *f,-"^,J',»:,:^rs" faSTm "^^n^^^^^^ into a 200 ml beaKer. and 24hours 

"'"B;Thfr2ction. 1 .0 g. GDP-Fuc (2.5Na, 1 H,0 salt) was formed in the reaction solution. 
Exatrple 17: Construction of neuA expression plasmid 

The sense strand DNA primer shown in .^EQ Na22 ano ^^^^ ^^.^^^^ ^ 

recovered in the same manner. ^ , ^ »^ ^^H 5 kb were subjected to ligation reaction for 16 hours at 16 C. 
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«e ^ - " - «» — » =° "° 

night at 30°C. transformant in accordance with the usual process. 

5 (Fig. 14). 

Example 18: Production of CMP-NeuAc 

. ■ r- t -t-7 rAnn/nNAL 1 (Ann/ Environ. Microbiol., 51, 562 (1986)) 
£sc.er,c.,a col: ^^^^f^^' '^^T^f^'lZ^^^^ the same manner as in Example 2, 

and JF646/PMW5 (J. B/o/. Chem ^^^f ^l^^^i ^,^^^^^ Also. Corynbacterium ammon.agenes 

and each of the thus obtained culture broths *f f ™_^^^ ° ^^rture broth was centrlfuged to obtain wet 

ATCC 21 1 70 was cultured in the sane manner as m Ejampl^ 2, and tne ^^^^^ ^^.^^ 

cells. AS occasion demands, these wet cells c^^^^^^^ 

A 30 ml portion o< a reacton solution ha^ng a ^J^P^^^" ^3, cells, 150 g/1 Co:ynbacfen(;o, 

g/, esc/«r/c/,/a CO// C500/pNAL1 wet cells. 25 ^^'^^"^'"^ gO gfl pyruvic acid (Na salt), 40 g/1 fructose, 

ammon/agenes ATCC 21 170 wet cellsJO g/1 4 g^ Nymeen S-215 and 10 ml/1 

xrp^r^^ 

^"rritt^^erra pi ol SeTi solution was maintained at 7.2 using 4 N NaOH, and KH,PO. was added 
'"'"B;The rfac^oo. 2.7 g. CMP-NeuAc (Na salt) was formed in the reaction solution. 
Example 19: Production of lacto-N-tetraose 
i) Preparation of pi .3-galactosyltransferase 

Namalwa cell line K^M-I transformed with ^"^^^^^^^ 
Applica«onNo. 1 81 759/94) contairjng a gene eno^^^^^^^ „ , (,,„„ac- 

galactosyltransferase was suspended m' °' ^ CO2 incubator, 

tured by Gibco). to a density of 5x1 .he supernatant was r^overed. As occasion 

Cells were removed from ^« 0° by thawing the supernatant pria to use. 

mixture was stirred overnight gently at 4">C^ seoharose was recovered by centrifugation and 

source of p1.3-gaiactosyltransferase. 
2) Production of lacto-N-tetraose 

, A 36 ^ porta, ol . .eaOion soWon conla,n,ng 0.5 mU ol '"J ""Pl« ?7a7icl Jsolufon comrtng UDP. 

Gal (5 mM) obtained in Example 4, 100 mM Tris-HOi [pn f.^}, lu 2 

5 HPLC under the following corditions; 



Column 



TSK gel ODS-80TM column (4.6 mm x 30 cm, manufactured by TOSOH CORPORATION) 
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Liquid phase: 

0.02 M ammonium acetate buffer (pH 4.U) 

Temperature: 

50°C 
Flow rate: 

1 ml/mi n 

°'''%Tuarescence detector (excitation wavelength 320 nm, radiation wavelength 400 nm) 
,aenf« ot the .Cuct was ca.ied out co.pa.ng e.t,on ti.e ot a.inop.id,ne-la.e,ed iacto-N-tet.aose 
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Example 20 : Production of lacto-N-neotetraose 

Example 21 ; Pmdudion of laeto-N-lucopenlaoM 111 

,,as.phrc--l».-.1.3*=»y»ra™,e,.s,»a,prepa,-.ro™^^ 

^'•^rr^r -ss. a«... o, .« pjo^^^^^^^^ 

" B, S°aaS,21 (0 18 3«) laoo-N-hK^^maoa. Ill was temad. 
E,a»pla 22 C»n*u=«o" ol .1 ,4-9aM»,llra™te.s. (IglO) .xp-»ai»i plaamid 
„,o„„.^i™.o.«..«.o»--<»™ 

The sense strand DNA pr.mer shown SEQ ID NO'^* a™ ^ .^^^^ 
NO:25 were synthesized. The PGR --^3°^ ^ ^.^^^^^^^^ the same conditions as described in the 

somal DNA of Neisseria gonorrhoeae (ATCC 33084) as the tenp 

foregoing. . nNA was obtained by the ethanol precipitation process. The 

After completion of the PGR treatment, a preapita edDNA^^ V ^^^^^^ ^.^^ 

precipitate was dissolved in 20 ^1 of TE. "^^^ll^'^^ll^^^^^^ gel Electrophoresis arxi then a 

using a ligation kit, the fragments of VO ^"^.^^^ f r^^^g'^^'^fjanstor^e^ in accordance with the usual proc- 
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overnight at ZO°C. 
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(Fig. 15). 

5 Exanple 23 : Production of giobotriose 
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Example 22 were cultured in the same manner 21 170 was cultured in the same manner as 

cells. 50 g/1 EschericNa coli NM522/pGT3 wet ceiis^ _ 3^ ^^.^ ^^.^ ,0 

100 fructose, 100 gA galactose, 1°° ^' '^^^f.^^^^^^^,^^^^^^^ a 200 ml beaker, and 36 hours of the reaction 

frnrtnse and KH0PO4 were added when required, 
white powder. 

Example 24: Production of Gala1-4Gaipi-4GlcNAc 

preserved at -20°C and utilized by thawing ^ p""";^ "^^^ Escherichia coli NM522/pNT25/pNT32 wet 

' A 30 N portion Of a '^^^J^^^ '^^^^^ ZTcorynefaaeriun, a.n,oniagenes ATCC ^H^O wet ce.ls^ 
cells, 50 g/l Escherichia coli NM522A)GT3 wet ceus, lou po. 5 o/l MgSO.- 7H,0, 5 gA phytic acid, 10 

5^ fructose. 50 g^ galactose. 96 g/l N-acet^lacto^-'ne. 15 ^KH,P^.^^ 2^^^^^ ^3 ^^^^^ ^, 

g/l orotic acid (potassium salt). ^ a^^ymeen S-215 and 10 m^^^^^^^ ^p^^ 

^^^;°;raSn"C^^^^^ 

, p.rrh:=t?nLC:=^^^^^^^^^ 

0.2 g of Gala1-4GallJ1-4GlcNAc as white powder. 

Example 25: Construction of pi ,4^alactosyltransferase (IgtB) expression plasmid 

u . m <iPO ID NO-26 and the antisence strand DNA primer shown in SEQ ID 
The sense strand DNA primer shown in SEQ ID ^°^26 anotne ^.^^^^^ 

NO:27 were synthesize.. The f^^R was -.e^ o^^^^^^^^ as describ«i in the forego^a 

somal DNA of N. gonorrhoeae (ATCC 33°f '^^^f J^^.^.T^^^^^ obtained by the ethanol precipitation process. The 
After completion of the PGR treatment, a preapita e^ D^^^^^^ y ^^^^^.^ji^, 

precipitate was dissolved in 20 ,1 of TE. ^^"^ = a.^t gel electrophoresis and then a 

enzymes H/ndlll and BamHl the -^"^'"9 ^^^^.^^^.^^^^^^^^^^^ II SKV DNA was cleaved with 

::^TJZ^:'HinZ^^^ 

aJhTS^arrS^Sr^^^^^^^^^ 

"'^^'sj^'l^c^ngaplasmidfromthethusgrown colonies of the transforaant in accordance With the usualpr^ 
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».™ ..prated b, CBI .nd B,™H,. ». DNA 

night at 30^C. ^ ^.t^nipc nf the transformant in accordance with the usual process, a 



(Fig. 16) 

Example 26: Production of N-acetyllactosamine 
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3 ««. ir. ». .am. mannar a. ,n ^""^'^J^''^',^,^^^^ i„ ..m. mannM a. m Exalte 

g/, £sc/7e*h/a coli NM522/pNT60 wet cells, ^I.^^'^^fJ^^^^g^^^^ iqO g/l galactose, 15 g/l KH2P04, 5 
orotic acid (potassium salt), 100 Q/l 'ructose 1 W f ^-^^-^^'^'^ a%oO ml beaker, and 34 hours of 

MgSO, ' 7H2O, 5 g/l phytic acid. 4 "^^^^ ^^-^{.^^"ii!^^^ a magnetic stirrer (900 rpm). 

Exarrple 27: Production of lactose 

3 ».r. cuBurrf « «,= «m. manner as .n ^'"^^-^^'^'l^^^u,^ -„ ft. K,m. n»nn« as m Exampte 

^ eZrma 00,^ NM522/PNT60 wet -"s 1 50 Co^^^^^^^^^^^ 5 g. phytic acid, 4 

°gSt^n^^-ro"i;i^^^^^^^^^^ 

^SLri^rrtro^r re:e=':.SS^^^ at r.a usin, 4 N NaOH, and KH.PO. was added 
"""BlThe rSction, 49 g/l lactose was formed in the reaction solution. 
Example 28: Production of globotriose 

, CO,: .M522/pNTaO Obtains ^^^^1^^, 

arxi Escherichia coli NM522/pGT3 obtained ,n ^'^f^'^Pf^ ^'"^^^JiVaIso, Corynebacterium ammoniagenes 
each of the thus obtained culture broths was '^"^"'"9^^ 2^?"^1if;',t,,e broth was centrifuged to obtain wet 
ATCC 21 1 70 was cultured in the same -^^^^^l^lf^^l.^^.^^^^^^^ by thawing the cells prior to use_^ 
cells. AS occasion demands, these wet cells can ''^ P^^^^^^^^' fg^^^ co// NM522/pNT25 wet cells, 50 

, A 30 ml portion of a reaction solution ^^^^^^^^^^^^ co^ NMsiS^TS wet cells, 150 g/l Corynetacteriurn 
g/l Escherichia coli NM522/pNT60 wet ce^s, 50 S^^.ff^^^'^™^^ g/, gi^cose, 115 gfl galactose, 15 g/l 

L.on,aaenes ATCC - - ^^^^ ^.^^^^^ .^::;.rs^2;ra^ 1 0 m. fyle^e was put into a 200 ml beaKer. 



KH2PO4. 5 g/l MgSO 
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and 13 hours of the reaction was carried out at 32°C under stirring the reaction solution with a rriagnetic stirrer (900 

During the reaction. pH ot the reaction solution was maintained at 7.2 using 4 N NaOH. and KH.PO, was added 

when required. ^. . ^ 

5 By the reaction. 5 g/1 globotrtose was formed in the reaction soluton. 

ir^ipi icTPiAi APPI ICABILITY 

The present invention renders possiWe efficient industrial production of a sugar nucleotide from ^ nucleotide pre^ 
10 cursll^ar^ a s^^^^^^^ L sole star 'ng materials and of a complex carbohydrate from the sugar nucieo.de and a com- 
plex carbohydrate precursor. 
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SEQUENCE LISTING 



SEQ ID N0:1: 
SEQUENCE LENGTH: 31 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 
GGAGAAAGCT TATGGCTGCC ATTAATACaA A 

SEQ ID NO: 2: 
SEQUENCE LENGTH: 30 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECUIAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

AACACGGATC CGGATGTTAC TTCTTAATGC ^° 

SEQ ID NO: 3: 
SEQUENCE LENGTH: 28 
SEQUENCE TYPE: nucleic acid 
45 TOPOLOGY: single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 

SEQUENCE DESCRIPTION: 

50 -28 
ATGGAGGATC CTGCTCTGTA TACCGTCT 
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SEQ ID NO: 4: 
SEQUENCE LENGTH: 20 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : s ing le-s t randed 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

20 

TGCTGGTCGA CCTGCGCTTG 

SEQ ID NO: 5: 
SEQUENCE LENGTH: 31 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

31 

AAGGAAAGCT TATGACGCAA TTTAATCCCG T 



SEQ ID NO: 6: 
SEQUENCE LENGTH: 20 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

20 

GCAAAGTTAA CAGTCGGTAC 
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SEQ ID NO: 7: 
SEQUENCE LENGTH: 31 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic 

SEQUENCE DESCRIPTION: 

TCAGGAAGCT TATGTTGAAT AATGCTATGA G 

SEQ ID NO: 8: 
SEQUENCE LENGTH: 27 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic 
SEQUENCE DESCRIPTION: 
TCTCCGGATC CCATGTGACC GGGTTAG 

SEQ ID NO: 9: 
SEQUENCE LENGTH: 28 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic 
SEQUENCE DESCRIPTION: 
TCTAAATCGA TGCAGACAAA GGACAAAG 

SEQ ID NO: 10: 
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SEQUENCE LENGTH: 27 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 
TTGCAGGATC CTCGTAGGCC TGATAAG 

SEQ ID NO: 11: 
SEQUENCE LENGTH: 20 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-Stranded 

MOLECUIAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 
TGATATCCGC TCCCTTTCCG 



SEQ ID NO: 12: 
SEQUENCE LENGTH: 26 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : s ingle-s t randed 

MOLECULAR TYPE: other nucleic acid, synthetic 
SEQUENCE DESCRIPTION: 
ACAGCGGATC CGATGTGTTC GCTGAG 



SEQ ID NO: 13: 
SEQUENCE LENGTH: 29 
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SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic 
SEQUENCE DESCRIPTION: 
ACAGCA.AGCT TTTGACTTTA GCGGAGCAG 



75 
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SEQ ID NO: 14: 
SEQUENCE LENGTH: 29 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 
GAGTTGGATC CCGATATAAA AGGAAGGAT 

SEQ ID N0:15: 
SEQUENCE LENGTH: 25. 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: 

25 

TTTTTAAGCT TCATTTATCA AGAGT 

SEQ ID N0:16: 
SEQUENCE LENGTH: 31 
SEQUENCE TYPE: nucleic acid 
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TOPOLOGY: single-stranded 

MOLECUUIR TYPE: other nucleic acid, synthetic [ 

SEQUENCE DESCRIPTION: 

TTTTTGATAT CCCCAATGCT GGGGGTTTTT G 

SEQ ID NO: 17: 
SEQUENCE LENGTH: 31 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE: Other nucleic acid, synthetic 

SEQUENCE DESCRIPTION: 

CGTCAAAGCT TAAATGATAT TCGGGGATAA T 

SEQ ID NO: 18: 
SEQUENCE LENGTH: 25 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-Stranded 

MOLECULAR TYPE: other nucleic acid, synthetic 
SEQUENCE DESCRIPTION: 
AGGGAGGATC CGACATTACT CGTTC 

SEQ ID NO: 19: 
SEQUENCE LENGTH: 33 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 
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MOLECULAR TYPE: other nucleic acid, synthetic 
SEQUENCE DESCRIPTION: 

CCGCAAGATC TCGTAAAAAG GGTATCGATA AGC 

SEQ ID NO:20: 
SEQUENCE LENGTH: 21 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic 
SEQUENCE DESCRIPTION: 
TTGGGAAGCT TCCGGCAAAT GTGGTTT 



SEQ ID NO: 21: 
SEQUENCE LENGTH: 25 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE: other nucleic acid, syntheti 
SEQUENCE DESCRIPTION: 
ATAAACTCGA GAGAGACAAG CGGAG 



SEQ ID NO: 22: 
SEQUENCE LENGTH: 27 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-Stranded 

MOLECULAR TYPE: other nucleic acid, synthetic 
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SEQUENCE DESCRIPTION: 
TATTATCGAT C^ATTAATPA TTCATAG 

SEQ ID NO: 23: 
SEQUENCE LENGTH: 25 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECULAR TYPE: other nucleic acid, syntheti 
SEQUENCE DESCRIPTION: 
CTCTGGATCC AGTTACGTAT AATAT 



SEQ ID NO: 24: 
SEQUENCE LENGTH: 30 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-Stranded 

MOLECULAR TYPE: other nucleic acid, synthetic DNA 

SEQUENCE DESCRIPTION: 

CGGCAAGCTT ATTGTGCCTT TCCAATAAAA 

SEQ ID NO: 25: 
SEQUENCE LENGTH: 2B 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY: single-stranded 

MOLECUULR TYPE: other nucleic acxd, synthetic DNA 
SEQUENCE DESCRIPTION: 
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ACTTGGATCC CCGTCAATAA ATCTTGCG 

SEQ ID NO:26: 
SEQUENCE LENGTH: 30 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic 

SEQUENCE DESCRIPTION: 

GGTAAAGCTT ATGCAAAACC ACGTTATCAG 

SEQ ID NO: 27: 
SEQUENCE LENGTH: 29 
SEQUENCE TYPE: nucleic acid 
TOPOLOGY : single-stranded 

MOLECULAR TYPE: other nucleic acid, synthetic 
SEQUENCE DESCRIPTION: 
AAACGGATCC TTATTGGAAA GGCACAZ^TA 



Claims 

1 . A process for producing a sugar nucleotide, which comprises: 

selecting, as enzyr^e sources, a) a culture broth of a microorganism capable f /^^t ^'uroftfcu'^^^^^^^ 
^hocnhL freferred to as "NIP" hereinafter) from a nucleotide precursor, or a treated product of the culture 
S and Stcutre brotJ of a microorganism capable of producing a sugar nucleotide from a sugar and 

NTP or a treated oroduct of the culture broth; 

allwing^^^^^^^^^ sources, the nucleotide precursor and the sugar to be present m an aqueous med.um to 
form and accumulate the sugar nucleotide in the aqueous medium; and 
recovering the sugar nucleotide from the aqueous medium. 

2 A process for producing a complex carbohydrate, which comprises: 
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capat^e o, producing a implex cartohydrate Uo. a sugar nucleotide anC a complex carbohydrate precursor, 

S.vering the complex cartjohydrate from the aqueous medium. 
I A process for producing a complex carbohydrate, which comprises. 

the aqueous medium; and 

recovering the complex carbohydrate from the aqueous medium. 

trated product of the culture broth, a dned product of the culture brotn. a oreparation obtained from the 

ng the culture broth, a concentrated product of the culture supernatant^ drii orTc^ of iie cells, a freeze-dried 
culture supernatant, cells obtained ^yj^'^'^Tu^LTl T^^aSf^^^ ^ 
product of the cells, a surlactant-treated product o^he ce ^ ^^l^^'^J^l^^r^^ue^,^ product of the cells, a 

from the cells. 

5. ™ proo... .coordin, » - or t,o°SS "-nri^'SS: 

rrs^^^^^^^^ ._o^o.p.» o, 

cytidine-5'-monophosphate. 

The process according to any one of daims 1 , 2 and 3, wherein the sugar nucleotide is a undine diphosphate com- 
SuX guano "ne d^hospLe compound or a cytidine monophosphate compound. 

The process according to claim 6. wherein the ^^^^^^^^^^^ ^^^ZlSuStS^^^^S. 
or c^idine monophosphate compound .s a compound ^^^^^Jiohc^DhoTac^yl^^^ uridine diphos- 

acetylneuraminic acid, and derivatives thereof. 

neuraminic, and derivatives thereof. 

H ,n ruim 2 or 3 wherein the complex ca*ohydrate is a complex carbohydrate which con- 
The process according to claim 2 or d, wnerein xne i,u ^ =rotviniiicosamine N-acetylgalactosamine. glu- 
tains at least one of sugars selected from glucose, galac^ose^ ^„^'tSose Tace'^^osar^i^ lacto-N-biose, 
curonic acid, mannose. N-acet^mannosamine ^'^^^ ^"^^ SbvSac 2 '-f ucosyllactose, 3-fuco- 

GlcNAcpi-3Gaipi-4Glc. GlcNAcpi-4Gaipi-4Glc f'f sialyllacto- 
syllactose. 3'-sialyllactose, 6--sialyllactose, 3^s,alyl-N-acety1lact^^^^^^ 

N biose. Lewis X. Lewis a. lacto-N-tetraose. f '^^^^^^^^ III. lacto-N- 

sialyl-Lewis X. sidyl-Lewis a. lacto-N-fucopentaose I '^f (,2 3)s^alyllacto-N-neotetra- 
fucopentaose V. LS-tetrasaccharide l:f ''^^^^^f^^^^^^ disialyllacto-N- 

Soi^dis:?^^^^^^^^ 

.0. The process according to claim 2 or 3. w-re,n the complex -^^^rat^^^^^^ 



6. 



7. 



8. 



9. 
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3Gal Galal-4Gal Galal -3GalNAc. Gala1-4GalNAc, GlcNAcpi-3Gal. G'=NAcpi-4Gal GlcNAcpi-6Gal, 
Sac?i ailc G1CNACP1-4GIC, GlcNAcpi -SGlcNAc, GlcNAcpi-4GlcNAc. GlcNAcpi-6GalNAc, GlcNAcp - 

ScNAcpi 4Man, "klcNAcpi -SMan, GalNAcpi-SGal. Ga'NAcpv4Ga., ^-I^^^f ^^^^^^^ 
SGalNAc Manpi-4GlcNAc, Mana1-5Man, Mana1-3Man. Mana1-2Man, GlcUApi-4GlcN, f'=^Api 30al. 
r?cUABV3SAc GlcUAp -3GalNAc, NeuAca2-3Gal, NeuAca2-6Gal, NeuAca2-3GlcNAc. NeuAca2-6acNAc. 
NeuA^ciS^NAc T^^uaL NeuAca2-8NeuAc, Fuca1-3Glc, Fuca1-4Glc. Fucal -3GlcNAc Focal - 

SAt Fu<il 2Gal and Fuc<x1 -eGlcNAc. or a complex ca^ohydrate which contains the complex carbohydrate. 

11. The process according to claim 9 or 10, wherein the number of sugars contained in the complex carbohydrate is 

10 or below. 

12. The process according to claim 9 or 10. wherein the number of sugars contained in the complex carbohydrate is 6 
or below. 

1 3 The nrocess according to daim 2 or 3, wherein the complex carbohydrate precursor is a complex carbohydrate pre- 
^.Z^l^c^^^^ Los^oc^^n^^. Oligosaccharides, ^oteins, peptides, lipids, glycoprote.ns. glycol.p.ds. 
glycopeptides and steroid compounds. 

14 The nrocess according to claim 13. wherein the complex carbohydrate precursor is a complex ca^ohydrate pre- 
LL se^^Xm glucose, galactose, mannose. sialic acid. N-acetylglucosamine. N.acetylgalactosam.ne, ac- 

N aceicto^^^ lai-N-biose, GlcNAcpi-3Gaipi-4Glc. GlcNAcpi-4Gaipi-4Gk: globo^'°-;^aal- " 
IrJlRiioicNAc 2'-fucosvllactose 3-fucosyllactose, 3'-sialyllactose, 6 ■-sialyllactose, 3'-sialyl-N-acetyllactos- 
Se ? s larN-ace^^S^^^^^ sialylJo-N-biosa. Lewis X. Lewis a. lacto-N4etraose. .acto-N-neote^aose, 
TaSuc^^aose sSialyl-S-fucosyllactose, sialyf-Lewis X. sialyl-Lewis a. lacto-N-fucopentaose I. 'acto-N-<"<=o- 
SStSNlcientaose liriacto-N-fucopentaose V, LS-tetrasaccharde a. ^S-tetrasacchar.de b, LS-tet- 
rasaSde 7(a2 3)sialyllacto-N-neotetraose. ar^ derivatives thereof, serine, threonine, asparag.ne a^ 
Jpt^i Sn Jnir!g1i;^U amino acKis and derivatives thereof, and ceramide and derivatives thereof, or a complex 
carbohydrate precursor containing the complex carbohydrate precursor. 

1 5 The process according to daim 1 or 2. wherein the microorganism capable of produdng NTP from a nudeotide pre- 
L^or is a mfc^organism seleded from microorganisms belonging to the genus Corynetactenom. 

16. The process according to daim 15. wherein the microorganism belonging to the genus Corynebacterium belongs 
to Corynebacterium ammoniagenes. 

17. The process according to daim 1 or 2. wherein the microorganism capable of produdng a sugar nudeotide from a 
sugar and NTP comprises at least one kind of microorganism. 

18. The process according to daim 17, wherein at least one ,«croorganism is selected from microorganisms belonging 
to the genus Escherichia and the genus Corynebacterium. 

1 9. The process according to daim 1 8. wherein the microorganism belonging to the genus Escherichia is Escherichia 
coli. 

20. The process according to daim 18. wherein the microorganism belonging to the genus Coryr^ebacterium is 
Corynebacterium ammoniagenes. 

21 The orocess according to daim 1 or 2, wherein the microorganism capable of produdng a sugar nucleotide from a 
Lgar anrNTP is a microorganism having strong acti^ty of at least one enzyme selected 'r°m gluco^na e 
Serr^ to as -glk" hereinafter), phosphoglucomutase (referred to as "pgm- hereinafter), a'f ^f^^j^^,*;"^^^'^ 
dJSn^erase (referred to as "galU" hereinafter) and pyrophosphatase (referred to as "ppa hereinafter). 

22 The process according to daim 21, wherein the microorganism comprises at least one '^'°;°°;9!,"j^7^^^^^"8 
reco^inant DNA comprising a vector and a DNA fragment which contains at least one gene selected from a glk 
encoding gene, a pgm-encoding gene, a galU-encoding gene and a ppa-encod.ng gene. 

23 The process according to claim 22, wherein the glk-encoding gene, the pgm-encoding gene, the galU-encoding 
gene and the ppa-encoding gene are genes derived from Escherichia coli. 
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^nc to da.m 21 wherein the sugar r^ucieotide is uridine diphosphoglucose. 
24 The process according to claim ^i.w 

, . ae Wherein N-acety.g.ucosa.ine-1 -phosphate is provided by the .icroorgan.sm 
27. The process according to ^''''"l^e ^h^^f^'J N-Ltylglucosamine as a substrate. 
, Of Claim 26 havir^g st.or^ galK aCvty us.g ^...oorganism having a 

as. The process according to clai. ae^ wh-. -^^^^r.^^^^ 
recombinant DNA comprising a vector and a uiNM I a 

„ 29. Theprooessaccord.ngto..m28. Where ^ .reducing a sugar nucleotide trom a 

30. The process according to c,a-. aa w^^^^^^^^ 
sugar and NTP is a microorganism having s. 

hereinatter) activity. n,icroorganism having a 

'° 3. Theprocessacco^ingto^aimsa — 

recombinant DNA comprtsing a vector ana a u. y . , . 

35 35. The process ««»^d'"9j°='^'r„e1;;e geres derived from £scrtenc/./a ooli. 
gene and the ppa-encoding gene are genes 

. o to Claim 30 or 33. wherein the sugar nucleotide is uridine diphosphoga.actose. 

as -glmU- hereinafter) acf.ity. microorganism having a 

38. The process according to daim 3^ whe.. J^-f-^^r.^^^ 
,5 recombinant DNA comprising a vector and a DNA g 

.^r^ricpc; at least one microorganism having a 

recombinant DNA comprising a vector and a uinm 
„ ...di„„en„». . P»B-.<.», ^^^^^ 

«. The p,«=«. to " "~ 



derived from Escherichia coli. 



46 



EP 0 870 841 A1 

43. The process according to claim 40. wherein glucose-1 ,6-diphosphate is provided by the microorganism of claim 40 
having strong pgm and pfkB activities using glucose-6-phosphate and fructose-S-phosphate as a substrate. 

44. The process according to claim 43. wherein phosphoglucosamine mutase or phosphomannomutase activity is 
5 increased by glucose-1 ,6-diphosphate provided by the process of claim 43. 

45. The process according to claim 40. wherein the microorganism capable of producing a sugar nucleotide from a 
' sugar and NTP is a microorganism having strong activity of at least one enzyme selected from glucosamine-1- 

phosphate acetyttransferase, N-acetylglucosamine-1 -phosphate uridyltransferase (referred to as "gimU" hereinaf- 
w ter). pyrophosphatase (referred to as "ppa" hereinafter), phosphoglucosamine mutase (referred to as "glmM" here- 
inafter) and glucokinase (referred to as "glk" hereinafter). 

46. The process according to claim 45. wherein the microorganism comprises at least one microorganism having a 
' recombinant DNA comprising a vector and a DNA fragment which contains at least one gene selected from a glmU- 

15 encoding gene, a ppa-encoding gene, a gImM-encoding gene and a g!k-encoding gene. 

47. The process according to daim 46. wherein the glmU-encoding gene, the ppa-encoding gene, the glmM-encoding 
gene and the glk-encoding gene are genes derived from Escherichia coH. 

20 48. The process according to any one of claims 26. 37. 40 and 45. wherein the sugar nucleotide is uridine diphospho- 
N-acetyl glucosamine. 

49. The process according to any one of claims 26. 37. 40 and 45. wherein the miaoorganism is a microorganism hav- 
" ing strong UDP-GlcNAc 4-epimerase activity and the sugar nucleotide is uridine diphospho-N-acetylgalactos- 

25 amine. 

50. The process according to claim 40. wherein the microorganism capable of producing a sugar nucleotide from a 
sugar and NTP is a microorganism having strong activity of at least one enzyme selected from phosphomanno- 
mutase (referred to as "manB" hereinafter), mannose-1 -phosphate guanyltransferase (refened to as "manC" here- 

30 inafter) and glucokinase (referred to as "glk" hereinafter). 

51. The process according to claim 50. wherein the microorganism comprises at least one microorganism having a 
recombinant DNA comprising a vector and a DNA fragment which contains at least one gene selected from a 
manB-encoding gene, a manC-encoding gene and a glk-encoding gene. 

35 

52. The process according to claim 51, wherein the manB-encoding gene, the manC-encoding gene and the glk- 
encoding gene are genes derived from Escherichia coli. 



53. The process according to claim 40 or 50, wherein the sugar nucleotide is guanosine diphosphomannose. 
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54. The process according to claim 40, wherein the microorganism capable of producing a sugar nucleotide from a 
sugar and NTP is a microorganism having strong activity of at least one enzyme selected from phosphomanno- 
mutase (referred to as "manB" hereinafter), mannose-1 -phosphate guanyltransferase (refen-ed to as "manC here- 
inafter), glucokinase (referred to as "glk- hereinafter). GDP-4.6-mannose dehydratase (referred to as "gmd" 

45 hereinafter) and GDP-4-keto-6-deoxymannose epimerase/reductase (referred to as "wcaG" hereinafter). 

55. The process according to claim 54. wherein the microorganism comprises at least one microorganism having a 
recombinant DNA comprising a vector and a DNA fragment which contains at least one gene selected from a 
manB-encoding gene, a manC-encoding gene, a glk-encoding gene, a gmd-encoding gene and a wcaG-encoding 

50 gene. 

56. The process according to claim 55. wherein the manB-encoding gene, the manC-encoding gene, the glk-encoding 
gene, the gmd-encoding gene and the wcaG-encoding gene are genes derived from Escherichia coli. 

55 57. The process according to claim 40 or 54. wherein the sugar nucleotide is guanosine diphosphofucose. 

58. The process according to daim 1 or 2. wherein the microorganism capable of produdng a sugar nucleotide from a 
sugar and NTP is a microorganism having strong activity of at least one enzyme selected from GlcNAc 2-epime- 
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rase, CMP-NeuAc synthetase (referred to as "neuA" hereinafter), NeuAc aldolase (referred to as "nanA" hereinaf- 
ter). NeuAc synthetase (referred to as "neuB" hereinafter) and CTP synthetase (referred to as "pyrG" hereinafter). 

59. The process according to claim 58, wherein the microorganism comprises at least one microorganism having a 
5 recombinant DNA comprising a vector and a DNA fragment which contains at least one gene selected from a GIc- 

NAc 2-epimerase-encoding gene, a neuA-encoding gene, a nanA-encoding gene, a neuB-encoding gene and a 
pyrG-encoding gene. 

60. The process according to claim 59, wherein the neuA-encoding gene, the nanA-encoding gene, the neuB-encoding 
10 gene and the pyrG-encoding gene are genes derived from Escherichia coli. 

61. The process according to claim 58. wherein the sugar nucleotide is cytidine monophospho-N-acetylneuraminic 
acid. 

15 62, The process according to claim 2 or 3. wherein the microorganism capable of producing a complex carbohydrate 
from a sugar nucleotide and a complex carbohydrate precursor belongs to Escherichia coli, Saccharomyces 
cerevisiae or Corynebacterium ammoniagenes. 

63. The process according to claim 62, wherein the microorganism is a microorganism having a recombinant DNA 
20 comprising a vector and a DNA fragment which contains a gene encoding a transferase selected from glucosyl- 

transferase, galactosyltransferase, N-acetylglucosaminyltransferase. N-acetylgalactosaminyltransf erase, glucuron- 
osyitransferase, mannosyttransferase, sialyltransferase ard fucosyitransf erase. 

64. The process according to claim 63, wherein the gene encoding a transferase selected from glucosyltransf erase. 
25 galactosyltransferase, N-acetylglucosaminyltransferase, N-acetylgaiactosaminyltransferase. glucuronosyltrans- 

ferase. mannosyltransferase, sialyltransferase and fucosyltransferase is derived from a microorganism. 

65. The process according to claim 2 or 3. wherein the animal cell is COS-7 cell or namalwa KJM-1 cell, and the insect 
cell is Sf9 cell. 

30 

66. The process according to claim 2 or 3, wherein the animal cell or insect cell is an animal cell or insect cell having 
a recombinant DNA comprising a vector and a DNA fragment which contains a gene encoding a transferase 
selected from glucosyltransf erase, galactosyltransferase. N-acetylglucosaminyltransf erase. N-acetylgalactosami- 
nyitransferase, glucuronosyltransf erase, mannosyltransferase, sialyltransferase and fucosyltransferase. 

35 

67. The process according to claim 66, wherein the gene encoding a transferase selected from glucosyltransf erase, 
galactosyltransferase, N-acetylglucosaminyltransf erase, N-acetylgalactosaminyltransferase, glucuronosyltrans- 
ferase, mannosyltransferase. sialyltransferase and fucosyltransferase is derived from an animal cell. 

40 68. A process for producing N-acetylglucosamine 1 -phosphate, which comprises: 

selecting, as an enzyme source, a culture broth of the microorganism of claim 26 having strong galK activity, 
or a treated product of the culture broth; 

allowing the enzyme source and N-acetylgtucosamine to be present in an aqueous medium to form and accu- 
45 mulate N-acetylglucosamine- 1 -phosphate in the aqueous medium, and 

recovering the N-acetylgIucosamine-1 -phosphate from the aqueous medium. 

69. The process according to claim 68. wherein the microorganism is a microorganism having a recombinant DNA 
comprising a vector and a DNA fragment which contains a galK-encoding gene. 

50 

70. The process according to claim 69, wherein the galK-ercoding gene is a gene encoding "galactokinase derived 
from Escherichia coli. 

71 . The process according to claim 68. wherein the treated product of the culture broth is a concentrated product of the 
55 culture broth, a dried product of the culture broth, a culture supernatant obtained by centrifuging the culture broth, 

a concentrated product of the culture supernatant, an enzyme preparation obtained from the culture supernatant, 
cells obtained by centrifuging the culture broth, a dried product of the cells, a freeze-dried product of the cells, a 
surfactant-treated product of the cells, an ultrasonic-treated product of the cells, a mechanically disrupted product 
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of the cells a solvent-treated product of the cells, an enzyme-treated product of the cells, a prote.n fraction of the 
Je^s an iLoSi^^^^ product of the cells, or an enzyme preparation obtained by extraction from the cells. 
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FIG.2 
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FIG.3 
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FIG.4 
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FIG.5 
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FIG.7 
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FIG.8 
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FIG.9 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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FIG. 16 
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